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In the field of lipid chemistry oils and fats play a dominant role 
both in nutrition and industries. Nutritionists have been focussing 
greater attention on the need for calories, proteins, carbohydrates, 
minerals and vitamins in diet than on edible oils and fats. Bui now this 
opinion has been changed and fat is one of the three principal 
macronutrients (along with proteins and carbohydrates). It is needed 
for many normal cellular structures and processes. Dietary fat is more 
important for the developing countries as its caloric density is more 
than twice than that of proteins and carbohydrates. 
Fats and oils are found increasingly to be physiologically 
significant and chemically interesting. Renewed activities have arisen 
from the recognition of fatty acids as essential dietary requirements, 
from their links with the prostaglandins and from their involvement in 
cell structural membranes. Fats convey and metabolize fat-soluble 
vitamins and play a part in biosynthesis of several long chain alcohols 
necessary for transmembrane transport of sugar. 
More recently the importance of oils and fats is continuously 
increasing in the bio-chemical and bio-medical sciences. Current 
research in these fields are centered on nutritional and physiological 
role of fats in various diseases. With the increased price rise and 
reduced availability of petro-chemicals, organo-chemical industries are 
taking a hard look at renewable resources such as vegetable oils as the 
starting material for their products. Consequently, the production and 
utilization of oils and fats and their fatty acids have grown both in size 
and diversity. One of the viable source of fats and oils is agriculture 
with its byproducts from the plant kingdom. 
Recently, forest flora has attracted attention in various ways. 
Academically, their plant constituents have been a very fruitful subject 
of intensive research. Technologically, the forest oilseeds and other by-
products have been processed for a variety of industrial uses. 
Economically, they have been found intrinsically important substitute 
for edible oils, now used in some of the oil-based industries. 
India being a tropical country is rich in forest flora from which a 
variety of renewable oilseeds rich in specific kind of fatty acids can be 
exploited for industrial utilization showing economic values. There is a 
wide potential of agro-chemicals derived from the minor oilseeds rich 
in specific kind of fatty acids. A large number of plants are found in 
the forests of India. It has been estimated that minor oilseeds would 
yield more than 5 lakhs tones of vegetable oils and 90 lakhs tones of 
oilseeds cakes. This vast potential of minor oilseeds which simply go 
as wastes, if properly tapped, can substantially augment the overall 
supplies of vegetable oils and help in bridging the gap between their 
demand and supply. 
Since 1960's, India used to be the exporter of oilseeds but now 
the growth of population has forced our country to become a major 
importer of oils and oilseeds. It is the continuous shortage of edible 
oils that has contributed to escalating inflation and drainage of foreign 
exchange. The self-sufficiency in vegetable oils declined from 97% to 
o\/er 
63% 4ft- last one decade due to reduction in production and increase in 
consumption. It is, therefore, imperative to explore the absorption of 
viable technologies, which are remunerative, particularly for marginal 
and small farmers. 
Oilseeds are an important part of Indian agriculture and they 
contribute nearly 10% of agriculture GDP. With the initiation of 
'Technology Mission of Oilseeds' in April 1986, the oilseeds situation 
in India has improved. However, liberal import policy and raising 
economy in recent past has increased the edible oil consumption 
rapidly. With the globalization of agriculture and rapidly changing 
agricultural scenario, contribution of oilseeds development on one 
hand and availability of edible oils at cheaper rate to masses on the 
other assumes greater significance. The forecast for consumption of 
edible oils in the country by 2010 A.D. is 14.6 million tones and the oil 
crops will be able to provide 12.3 million tones to be met for import. 
Similarly, oilseeds production is forecast to reach 37 million tones as 
against the requirement of 44 million tones. 
In contrast to chronic shortage of vegetable oils and fats and the 
independence of agro-chemical industries on their availability, physio-
chemical screening of oil-yielding plant species is important for a 
country like India, which abounds in forest flora. The indigenous flora 
could provide additional vegetable oils, which are probably the only 
economic source of long-chain aliphatic fatty compounds. The minor 
oilseeds of herbaceous and tree origin if properly harvested can 
contribute to a good amount of vegetable oils and de-oiled meals. 
The chemistry of oils and fats is basically the chemistry of 
component fatty acids present in triacylglycerol constituents of natural 
fats and is critically important, both for commercial and domestic food 
uses and for health considerations. Till 1965, it was realized that lipid 
composition of no plant is completely known. Knowledge about tne 
composition of fats started accumulating in 1940's when Professor 
Hilditch and his associates undertook extensive investigation on the 
composition of fatty acids and their glycerides. Later, the outstanding 
contribution of Gunstone, Swern, Hokkins, Wolff and Smith on fatty 
acids helped the chemistry of fats to occupy a position of prominence, 
no less than any other branch of natural products. 
Research on the fundamental and applied aspects of indigenous 
oils and fats is now being given paramount importance. The objective 
of this type of research is to determine by analysis what amount of 
general classes of fatty acids are contained in seed oils by a large 
number of variety of presently uncultivated species. 
The world demand of fats and oils in the forth-coming decades 
will largely be governed by two factors: 
(a) Food needs (fats and proteins) and 
(b) Non-food industrial needs (fatty acid intermediates). 
In the light of present world trends in research and development 
programme of fats in general, it appears that future research will most 
likely be oriented in the following directions: 
1. Discovery of new sources of vegetable oils. 
2. Synthesis of fatty chemicals. 
3. Biological improving of nutritional qualities of edible oils. 
4. Industrial application of non-edible oils for non-food uses. 
5. Agriculture-agronomic research and biotechnology. 
Lastly, one of the most exciting properties of fatty acids and 
their derivatives is their insecticidal and antimicrobial activities. A 
number of fatty acid derivatives containing ring, sulphur, morpholine 
and piperidine moieties have been shown as fungistatic agent. 
With a view to study the minor oilseed potential a programme 
had been underwent at the author's laboratory over a decade in 
collaboration with Indian Council of Agriculture Research, New Delhi 
and Agriculture Research Service - United States Department f^ 
Agriculture (USDA, PL-480), for the analysis of indigenous seed oils 
of the Indian forest flora. More than 300 oilseeds belonging to 100 
botanical families of uncultivated flora have been screened for their 
fatty acid composition. 
Keeping in view these considerations the present work has been 
directed to search for novel fatty acids and particularly fatty acid-rich 
oils by phyto-chemical screening of uncommon oils. The present work 
deals with preliminary work related to fatty acid analysis of lesser-
known seed oils. 

Component Fatty Acids of Natural Fats 
The study of minor seed oils is a subject of great interest and had 
been carried out by many earlier workers ' . This type of work is 
undertaken generally to explore the possibility of new alternative 
sources for conventional oils both for edible and other commercial 
purposes. 
During the last decade, there has been a sharp increase in the 
utilization of a wide variety of oils, fats and fatty acids. This is chiefly 
because of the advances made in the methods for lipid analysis, 
particularly over the last decade. The modern methods of fatty acids 
analysis using spectroscopic and chromatographic techniques have 
discovered more than 1000 fatty acids in seed oils and their number is 
increasing rapidly. One of the most striking features of the fatty acids 
composition of plant tissues is that the individual fatty acids are rarely 
distributed at random between the different classes of lipids present but 
frequently exhibit clear tendencies to associate with individual lipids at 
specific positions. 
Biosynthesis of fatty acids suggests that the environmental 
factors such as temperature and light affect the composition of 
constituent fatty acids of seed lipids. It is also observed that low 
temperature seems to favor the accumulation of polyunsaturated fatty 
acids (PUFA)^'*. It is probably due to this reason that the seed lipids 
vary in fatty acids composition among the same plant species^^. 
The weights of the seeds broadly reflect its energy content, 
which is available for germination. Seed weight and lipid content may 
vary within the plant species depending on geographical location and 
environmental factors. Seeds collected from temperate regions, weigh 
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less and have higher lipid content than those from colder regions . The 
seed oils of Capsella' species showed that the long-chain [palmitic 
(16:0), stearic (18:0), oleic (18:1), linoleic (18:2) and linolenic (18:3)] 
and very long-chain [arachidic (20:0), gadoleic, gondoeic (20:1) and 
eicosatrienoic (20:3)] fatty acids composition were however quite 
identical of all the seed samples collected from temperate regions, 
which indicates a rigid genetic, rather environmental control of fatty 
acids bio-synthesis. 
The variation in the fatty acids composition of seed fats is 
observed from genus to genus, species to species, and family to family. 
Seed fats of plants belonging to the same botanical family often show 
differences in their fatty acids composition and it is also observed that 
sometimes specific acids are restricted or preferred to a particular 
group of plant species such as Labiateae^ seed fats produce oil of high 
percentage of unsaturation and are also reported to contain allenic 
(Laballenic) acid. Limanthus^ seed oil contain 75% acids with more 
than CI8 fatty acids. 
The common fatty acids of plant origin contain even number of 
carbon atoms (C4 to C24) in straight chain or very rarely branched (in 
family Connaraceae'" with a terminal carboxyl group). It is noted that 
most species whose seed oils have been analyzed for fatty acids 
composition are rich in long-chain (>C16) fatty acids. The most 
commonly occurring natural fatty acids are 16:0, 18:0, 18:1, 18:2, and 
18:3 acids. Different seed oils show variations in the composition of 
these fatty acids. In many of the seed oils;tinoleic acid" is found as a 
major component. Low molecular weight fatty acids are reported in 
Capsicum annuum of family Solanaceae. 
In the recent past fatty acids composition of large number of the 
seed oils containing usual fatty acids are analyzed. Some of them are 
watermelon '^ pumpkin and paprika , Amaranthus ' species, 
Perganum harmala^^, Oenothera odorata , Capers . Aconitium 
septentrionale^'^, Momordica cochinchinensis , Grape' , He I labor us 
orientalis^^ Althaea species^\ Irvingia gabonensis' . Cucurbita 
maxima^^, Apple^^, Hazelnut^'', Allium cepa and Hibiscus esculent us" , 
Artemisia apiacea!'^^ Lepidium sativum" , Luffa cylindrica' , Cassia 
tora"^, Leunurus artemisia"", Madura pomifera Chelidonium majus"' 
Vicia species"^ etc. 
From the literature it is observed that the unsaturation amongst 
C16 acids in seed fats is not as common as C18. Some of the exciting 
unsaturated fatty acids are reported from the seed oils of Thunbergia 
alata ,^ Zanthoxylum alatum" , Ochna squarrosa , O. artopurpuria \ 
Rourcopsis obliquifoliata , Gravillea robusta , Leucas cephalotes \ 
L. urticifolia'^'^ and Diplocyclos palmatus'^^. In recent years a number of 
olefmic acids ranging in chain length from C14 to C24 and containing 
1 to 4 double bonds have been reported. Mono-unsaturation has been 
found in different positions of CI8 acids i.e. 3, 5, 6, 9 or 11. The 
fatty acids containing one double bond at 5, 6, 9 and 12 position have 
been reported in seed oils of various species of Thalictrum and 
Anemone (Ranunculaceae). 
An imposing number of novel and new fatty acids have also been 
discovered possessing very unusual structural features. Oils containing 
unusual functional groups like hydroxy, oxo, epoxy, cyclopropene, 
enyne and conjugated unsaturation often gave unexpected responses to 
analytical procedures in frequent use. Reviews dealing with the 
structure of unusual fatty acids have been published'*'*^ from time to 
time. The abnormal and unexpected fatty acids have more excitement 
rather than the routine evaluation of seed fats, whose major 
components are restricted to usual 4 or 5 fatty acids. Among the 
naturally occurring unusual fatty acids, conjugated dienol. epoxy, 
cyclopropene group containing fatty acids have been found to occur in 
a wide range of species covering a broad spectrum of plants. These 
fatty acids react quantitatively with HBr under the conditions 
prescribed by the American Oil Chemists' Society (AOCS)'' . 
Out of all the functionalized fatty acids the hydroxy function 
bearing fatty acids are widely distributed both in animal and vegetable 
oils. Hydroxy acids are found in brain lipids, wool, wax, milk lipids, 
cutins, plants and microorganisms. In vegetable oils hydroxy fatty 
acids range mostly from C16 to C22 chain length and may be saturated 
or unsaturated. Downing''^ and Markley^° have reviewed the major 
naturally occurring hydroxy acids. A large number of hydroxy group 
containing fatty acids have been identified from seed lipids of Hiptage 
benghalensis , Blepharis syndica , Dimorphoteca pluvialis and 
Ricinus communis , Phyllanthus niruri , Nymphaea stellata'^ and 
Vinca rosea . Gunstone first reported Strophanthus, an isomer of 
ricinoleic acid in the seed oil of Strophanthus sarmentotus 
(Apocynaceae). Isoricinoleic acid is also reported in varying amount in 
the seed oil of Solanum hispidium^^, Semicarpus kurzii^'^ Strychnos 
potatorum^^ and Casta tora^\ 
From authors' laboratory isoricinoleic acid has been found to be 
the major component of the fatty acids of Wrightia tinctoria, W. 
tomentosa and W. coccinea^^, Peganum harmala^^, Baliospermum 
axillare etc. Also new positional isomers of ricinoleic acid 
(9-hydroxy-c/5-Il-octadecenoic acid) and S-hydroxy-c/s-lO-
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octadecenoic acids were reported as minor constituents of Planiago 
major ^^ and Diospyros montana'^ oilseeds respectively. 
The co-hydroxy acid i.e. a-kamtolenic acid has been reported in 
Trewia nudiflora'^. 16-Hydroxydocos-c/5-13-enoic acid along with 
lesquerolic acid, a higher homologue of ricinoleic acid was found in 
seed oil of Heliophila amplexicaulis by Plattner et aT . Among the 
unusually occurring cyclic fatty acids, apart from the common sterculic 
and malvalic acids other acids are sterculynic , 2-hydroxy sterculic 
and dihydroxysterculic acid . 
The attention of lipid chemists has recently been attracted by the 
two types of HBr-reacting fatty acids, epoxy and cyclopropenoic acids. 
Epoxy acids in general may be regarded as derivatives of oleic, linoleic 
and linolenic acids in which one of the double bond is exploited 
through metabolism. Fatty acids containing an epoxy group occur 
naturally in seed oils of a considerable number of plant species. 
Krewson'^ and Earle^'' reviewed the literature on epoxy seed oils. 
Vernolic acid was the first acid of this class. High vernolic acid oils 
have, in recent years attracted attention for their possible uses as 
stabilizers for plastic formulation, in paints and varnishes and for the 
preparation of other derivatives. Vernolic acid has been found in 
Mucuna pruriens^^. Hibiscus cannabinus^^ Cepharia syriaca^'' and 
Martynia annua^^. Telia babul, Vediana and Cupressifonnis^'' were 
found to contain coronaric acid, an isomer of vernolic acid, which was 
discovered by Earle^^. 
Epoxy acids are confined to CI8 chain length except few e.g. 
alchornic acid has been isolated by Kleiman et al.^^ in the seed oil of 
Alchornea cordifolia. Species containing epoxy acid from our 
laboratory are Vernoria roxburghii^^, V. volkameriaefolia^\ Mucuna 
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prurita''', Abelmoschuo moschatus^^, Malva parviflora''\ Acacia 
catechu'\ A. mallifera^^, Sonchus oleraceus^'^, Kigelia, pliinata^\ 
Cosmos sulphureus'^\ Malva sylvestris^'^, Leonurus sibiricus'" and 
Hardwickia pinnata . 
Saturated epoxy acid was reported in the seed oil of Tragopogon 
porrifolius^^. Minor amounts of epoxy acids have also been reported in 
many seed oils of compositeae family. The acetylenic epoxy acid, 
c/5-9,10-epoxyoctadec-12-ynoic acid is discovered along with other 
epoxy acids and other acetylenic acids in the seed oil of Helichrysum 
bracteatum^^. Seed oils containing malvalic acid usually contain 
measurable amounts of epoxy acids . 
Other fatty acids gaining importance are cyclopropenoid 
containing (CPFA) fatty acids. They are the common naturally 
occurring, among the cyclic fatty acids. A number of seed oils 
containing varying amount of CPFA have been reported from our 
laboratory. It has been reported in seed oil of Sida acuta and S. 
rhombifolia^^, Hibiscus sabdariffa'^^, H. ficulneus^^^, H. caesius and 
S. grewioides , Eriolaena hookeriana , Urena lobata^^", Kleinhovia 
hospita and Gauzma tomentosa , Althea officinalis and Pentapetes 
phoenicea , and Abutilon indicum^^ . 
107 Berry reported the presence of CPFA in Sterculia 
monosperma, Gnelum gneinon and Durio zibethimus seed oils. 
Ralaimanariva et al. reported the presence of CPFA from six species 
of Adansonia. They are generally known to occur in families 
Malvaceae, Sterculaceae, Thynelaceae, Elaeocarpaceae, Tiiiaceae. 
Bombaceae, Anacardiaceae, Celestraceae, Sapindaceae, Ebenaceae, 
Sapotaceae and Ramnaceae. Aitzetmuller'°^ has reported 
cyclopropenoic fatty acid in gymnosperms. He investigated the seed oil 
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of Welwitschia mirabilis, which showed the presence of malvalic acid. 
This finding was in contrast to most other gymnosperms, which contain 
A5 cis-fatty acids as well as the other normal set of fatty acids. The 
78 7Q 
CPFA also occurs with epoxy acids in some seed oils ' . 
Natural oxo fatty acids are much less common than hydroxy or 
epoxy acids. They own a rarity among natural lipids of plant origin. 
These fatty acids have been discovered in few plant species of 
Rosaceae"°, Compositeae'" and Bignoniaceae"^. Gunstone and 
Subbarao"^ reported an oxo acid from the seed oil of Chysolanus 
icaco. Philips et a/."'' have reported oxo fatty acid in low percent in 
the oil of Monnina emerginata. Two more acids were isolated from 
Hevea brasiliensis and Plantago ovata . Argemone mexicana 
seed oil was shown to contain three long-chain (22:0, 30:0, 28:0) oxo 
acids which might arise from the saturated C18 and C20 acids in a 
chain extension reaction which maintain the keto group in the first 
extension cycle. 
The first natural furanoid fatty acid was isolated from Exocarpus 
1 I Q 
cuperssiformis . It is a CIS acid with a 9, 12-furanoid system. An 
anti-fungal acetylenic furanoid keto ester has been reported from the 
shoots ofViciafaba^^^. Neutral lipid of Hevea brasiliensis^^^ latex has 
been found to contain a furonoic acid. The most unusual of all fatty 
oils is the seed oil of Dichapetalum toxicarium^^\ 
The cyano lipids are also reported in the literature'^'^^. Lago 
et al.^^^ have reported the presence of cyano lipids (70%) in the seed 
oil of Paullinia carpodea. 
Spencer et al}'^'^ have identified lactobacillic and two other 
related branched olefinic acids in the seed oil of Byrsocaprus 
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coceuneus. Fatty acids containing acetylenic moiety, in nature are not 
as common as olefmic unsaturation. An interesting series of acetylenic 
acids have been found to occur in seed oils of Olaceae, Compositeae. 
Santalaceae and Simarubiaceae families. A couple of unknown fatty 
acids, 17-octadec-6- enoic and 6-eicosynoic acids have been reported 
by Pearl et al . Smith has reported the presence of crepenynic acid 
in the seed oil of Saussurea candicans. 
The other species containing unusual fatty acids in their seed oils 
are Arum italicum , Sebastiana brasiliensis , Cerrado species and 
many more. 
14 
Isolation and Characterization of Fatty Acids 
Over the last decade, advances in the methodology for lipid 
analysis have been noteworthy'^^ The valuable techniques in the 
analysis of oils are thin layer chromatography (TLC), gas liquid 
chromatography (GLC), column chromatography, high performance 
liquid chromatography (HPLC), urea and thio-urea adduct separation, 
argentation chromatography, counter-current distribution, spectr-
oscopic, chemical methods etc. Various monographs have been written 
on the different chromatographic techniques used in lipid analysis ^ 
and on the spectroscopic and other methods of lipid research 
Among the chromatographic techniques used, TLC is one of the 
most important analytical tools of the current lipid research. It proved 
to be a successful and widely adaptable technique in the separation of 
lipids. The use of adsorption*''^, reversed phase''''*, argentation''^'^^' 
(Ag'^)-TLC etc. was rapidly adopted in the analytical procedures for 
detection, separation, isolation and characterization of various classes 
of fatty acids. 
Ag"^-TLC'^'~'''^ with silver nitrate is used for the separation of 
cis- trans-esters, polyunsaturated fatty acids, epoxy and hydroxy 
esters. Ag^-TLC with ammonium hydroxide is used for the separation 
of geometrical isomers. Ag"^-TLC with silver sulphamate is used to 
separate fatty acid methyl esters with differing degree of unsaturation 
as well as cis- trans-isomeric fatty acids. Reversed phase-TLC has 
been used to separate lipid classes on the basis of their polar 
substituents. Unsaturated acids (cis and trans) are being separated by 
this method'"*". Reversed phase partition chromatography (RPPC) is 
used for the resolution of critical pairs. Boric acid-TLC is used for 
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separating threo and erythro isomers. "Three Way" TLC'^' has been 
reported for the rapid qualitative analysis of polar and non-polar lipids. 
Separation of fatty acids on the basis of number of double bonds using 
alumina plate has been reported by Lowry and Tinsley ~. 
Liquid chromatography has also been used for lipid analysis \ 
In the chain of chromatographic techniques HPLC is the latest 
innovation. The HPLC method is simple, convenient and give precise 
and absolute values which are consistent with those from traditional 
methods. Scholfield''*'' has separated fatty acid methyl esters using 
silver nitrate-HPLC. The technique is highly sensitive and micrograms 
of the mixture are required. Many workers'''^ have carried out the 
isolation, characterization and separation of cis- and /rfl/?.^-isomers of 
fatty acids by HPLC. 
Gas liquid chromatography (GLC) is another important 
technique used in lipid analysis. The nature of separation achieved in 
GLC analysis depends on the liquid phase and other parameters. By 
changing these parameters a number of difficult separations were 
achieved by various workers. Such as cis- trans-isomers, 
polyunsaturated acids and cyclopropenoid acids. Today capillary gas 
liquid chromatography"''^^ is also in common use for the seed oil's 
characterization. The preparative gas liquid chromatography has 
successfully been exploited in the isolation of pure fractions from a 
complex lipid mixture'''^''. 
The other chromatographic techniques that experience a steady 
progress in the development of new analytical procedures and 
improvement in the existing methods include ion-exchange 
chromatography'''^ for the separation of acidic and neutral lipids, 
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vacuum dry column chromatography''*^ for speedy separation of fatty 
mixtures, silver resin chromatography'''^, high performance TLC . 
alumina plate TLC'^' for the separation of unsaturated acids, 
supercritical fluid chromatography'^^ etc. 
Likewise, various spectroscopic techniques viz. high resolution 
' H N M R , near IR (NIR)'", '^C N M R ' ^ \ liquid chromatography mass 
spectrometry (LC-MS) and gas chromatography-mass spectrometry 
(GC-MS)'^^ offer satisfactory solutions and sometimes unexpected 
advantages for the analysis of unknown fatty compounds. 
The first accurate measurement of unsaturation in edible fats and 
01 Is by ' H NMR was reported'^^ nearly forty years ago. But more 
recently digital computers have become an integral part of the more 
advanced instruments and consequently, pulsed fourier transform 
technique (FTR)'^^ is now in common use. More recently 
determination of monoacylglycerol and triacylglycerol phase 
composition is done by time-domain N M R ' ^ * . 
'^C NMR is used as complement to ' H NMR and offers means of 
determining, in great deal, the composition of fatty acids or 
hydrogenated products. '^C NMR, although less sensitive than other 
techniques, does not require an extensive chemical manipulation of 
samples and can easily highlight the differences in the content of short-
chain acyl groups . Researchers are using this technique for the 
analysis of fatty acids composition'^'*''^". It includes a description of 
method for determining the percentages of fatty acids containing zero, 
one, two, or three double bonds in animals and vegetable oils'^''. The 
method is most straightforward when the predominant fatty acid 
contains 18 carbon atoms. '^C NMR have effectively determined cis, 
trans composition of dLC'ids,. 
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Fourier transform/Ion cyclotron resonance (FT/ICR) method is a 
direct descendant of the cyclotron particle separators used in a uniform 
magnetic field and accelerate them with an alternating electric field 
Another technique is called rapid scan ion cyclotron resonance mass 
spectrometry by Mc Iver'^^ and should not be confused with the 
original FTMS technique. Electron impact ionization has been the 
choice, out of necessity of most mass spectrometers for many years. 
The field disorption (FD) ionization method has enormously advanced 
the analysis of thermally labile and non-volatile compounds by mass 
spectrometry, since its introduction by Beckey in 1969 . It has been 
applied to almost all classes of organic compounds as described in 
extensive reviews by Schulten and is excellent for obtaining the 
molecular weight of many unstable or non-volatile compounds. 
Various combined applications of HPLC/FD have been reported in the 
last few years'^^''^^. A new reverse phase HPLC-atmospheric pressure 
chemical ionization mass spectrometry technique is suitable for mass 
spectral identification of neutral molecules'^*. 
Gas chromatography coupled with mass spectrometry (GC-MS) 
offers many advantages for the structure determination of small 
quantities of complex reaction products or naturally occurring mixtures 
of compounds^"*'^^"'^". It is very useful method for the analysis of 
double bond position in PUFA and position of other functional groups 
such as keto, hydroxy, epoxy and cyclic groups in fatty acid chain. 
Structural determination of PUFA by GC/MS presents problems 
because of the complexity of the mass spectra. Now-a-days more 
advanced technology in this field is capillary GC-MS'^ ' '^ ' , which 
gives much better results. Suzuki et al.^^^ have investigated the mass 
spectrometric behavior of permethoxy derivatives of some 
18 
polyunsaturated fatty acid methyl esters by using chemical ionization 
mass spectrometry (CIMS)'^"*. CIMS and mass spectrometry mass 
spectrometry (MSMS)^^^ gave utmost satisfactory results and open new 
unexpected avenues for the analysis of unknown fatty compounds. 
Even in the midst of the modern physically and electronically 
oriented analytical instrumentations, chemical methods have a 
prominent role. To many chemists experienced in physical applications 
there is a consensus that all instruments lie; it is for us to determine 
when and how much chemical methods frequently serve us an 
independent check on our more rapid sophisticated and physical 
procedures. 
If the fatty acid is contaminated with other isomers, the physical 
methods alone cannot provide the complete information about the 
structure. In such instance chemical methods like photooxygenation, 
11 f\ I 77 1 78 
alkoxybromination , thiocyanation , oxyselenation etc. are used 
in conjugation with physical methods. Derivatization and NMR study 
constitute a major contribution of chemical methods to modern lipid 
chemistry. 
Besides the above foresaid physical and chemical methods there 
are certain reagents which are used for the detection of unusual fatty 
acids e.g., picric acid is used for epoxy acids'^^, 4-(/7-nitrobenzyl) 
pyridine for hydroxy acids'^" and acetylenic functions'^', 4-amino 
5-hydrazino-l,2,4-trizole-3-thiol for aldehydic group'^^ 2,4-dinitr-
ophyenyl hydrazine (DNP) for keto group'^^ ferrous thiocyanate for 
hydroperoxides'*"* and Halphens' reagent for cyclopropenoid fatty 
acids'*^ 
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Biotechnology, these days is also playing an important role in 
the field of lipid chemistry. Among the technologies, the microbial 
enzyme biotechnology appears to be highly potential and promising 
and should receive maximum priority. The processes like extraction, 
refining and modification, that could be developed with the aid of 
different enzymes of microbial sources are commercially important and 
may be explored as well. The various products of the enzyme-catalyzed 
processes may take care of edible, nutraceutical and industrial 
requirements. 
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1. Pancreatic Lipase Hydrolysis of Neutral Triacylglycerols (TAG) 
The world trend has clearly been in the direction of gradual 
replacement of animal fats with vegetable oils and the past decade has 
observed a continual developmental tendency for commercially 
important industrial applications of vegetable oils. These current trends 
are associated with the vegetable oils composition and its abundance 
throughout the world. Another significant role expected to be played 
by vegetable oils is in solving the energy crisis. The intensive 
investigations on the use of vegetable oils as diesel fuel had been 
carried out in USA , which may change the spectrum of petroleum-
based industries. 
In a country like India where the vegetable oil industry occupies 
a pivotal position in the mainstream of the country's economic 
development, it is now realized that systematic screening of indigenous 
seed oils may discover oils containing either a high concentration of 
one of the common natural fatty acids or less common or unknown 
acids having a structure of industrial interest. 
The rich forest flora of India provides a large number of 
medicinally important seed oils. To study the biological or medicinal 
aspects of seed oils it is essential to study the chemistry of that 
particular oil as the two branches are interrelated. The chemistry of oils 
and fats is basically the chemistry of component fatty acids present in 
triacylglycerols (TAG) constituent of natural fats and to study the 
positional distribution of TAG is one of the important aspectsof lipid 
analysis. It is of great importance to know the composition at all the 
three positions (i.e. sn-l, sn-2 and 5«-3) of TAG. 
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The TAG composition of natural fats is so complex that no one 
analytical technique can determine all the components present. 
Therefore one must employ a consecutive series of separation and 
characterization techniques to define the TAG composition of fat. 
Through literature, it was known that various methods like 
crystallization, Grignard procedure, enzymatic hydrolysis etc. are used 
for the stereo-specific TAG analysis of fatty acids. Out of various 
procedures enzymatic hydrolysis is one of the most widely used 
methods. Enzymes used for this purpose are lipases. Lipases are 
enzymes that catalyze the hydrolysis of acyiglycerols. In addition 
lipases are widely used in a variety of other reactions that include 
esterification of acids with alcohols, oils and fats esteriflcation as well 
as reactions leading to the synthesis of products such as sugars, esters, 
fatty amides etc. Lipases are ubiquitous in nature, being present in the 
animal, microbial and plant kingdoms. Two extensive reviews on lipase 
applications have already been published ' . At present a number of 
lipases are available commercially to act as biocatalysts for the 
hydrolysis of fats. Enzymology of these lipases are well 
documented'^'''^''. Several scientists and companies have studied 
enzymatic hydrolysis'^'"'^^ extensively. Besides these, there are 
various other reports on enzymatic hydrolysis 199-229 
The mild reaction conditions of the lipase-catalyzed hydrolysis 
make it an advantageous method over classical chemical process, 
which involves high temperature and pressure resulting in high energy 
consumption. Lipase catalyzed hydrolysis reactions require less 
energy. This causes essentially no thermal damage to reactants and 
products especially in respect to color and oxidation products and 
protects certain functionalities like double bonds which are so 
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important in essential fatty acids for health purposes. Literature reports 
on the enzymatic fat-splitting'^'"^°'* show that the rate of lipolysis 
reaction to be optimal in a pH range of 4.82-7.2 at 37"C 
temperature^"'*. Therefore, despite relatively high price of the bio-
catalysts, lipase catalyzed hydrolysis could be economically attractive 
for the preparation of thermally sensitive products of good commercial 
values, such as PUFA, hydroxy fatty acids etc. 
These lipases are position specific and their specificities have 
classically been divided into five major types: (i) Lipid class (ii) 
positional (iii) fatty acids (iv) stereo-chemical and (v) combinations 
thereof. Lipases obtained from natural sources can be positionally non-
specific or display one of the two kinds of positional specificity sn-\.3 
specific or sn-2 specific. Non-specific lipases hydrolyze all three ester 
bonds of TAG equally well. 
None the less, from time to time various enzymes have been 
studied for determining the composition of position sn-l, sn-2 and 
sn-3 yet no lipolytic enzyme has been isolated that is capable of 
distinguishing between position 1- and 3 - of triacyl-5«-glycerols. 
Among various enzymes (lipases) used for hydrolysis, pig 
pancreatic lipase is an easily available and commonly used lipase, 
which is a sn-2 specific enzyme. Pig pancreatin, a powder obtained by 
dehydrating pig pancreas with acetone and diethyl ether, is the most 
widely used source of the enzyme, it is stable for long period of time 
and is available from most supplies of biochemicals. A series of 
animals and vegetable fats has been subjected to hydrolysis with 
pancreatic lipase. A considerable amount of data has been obtained by 
means of pancreatic lipase hydrolysis on the composition of position 
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sn-2 of the triacyl-5n-glycerols of seed oils, and this has been 
enhanced in recent years by stereo-specific analysis. These 
investigations have shown that pancreatic lipase brings about the 
preferential hydrolysis of fatty acid residues from the terminal 
positions of TAG. This led to the suggestion that pancreatic lipase 
provides a tool for the study of natural fats. When the enzyme is used 
with TAG containing a normal range of fatty acids, little specificity is 
observed and the 2-MAG produced can be considered in practice, to be 
representative of those in the native TAG. All straight chain saturated 
fatty acids in the normal chain length range and most mono-, di- and 
trienoic acids are apparently hydrolyzed from the primary positions at 
the same rate. 
As well known from the studies involving hydrolysis with 
pancreatic lipase, position sn-2 of the TAG of seedoils is greatly 
enriched in the polyunsaturated fatty acids (specifically linoleic and 
linolenic acids), while saturated fatty acids are concentrated in the 
primary positions and monoenoic acids are relatively evenly 
distributed. 
Besides being used for analyzing the distribution pattern of 
TAG'S in seed oils pancreatic lipase is also used for the detection of 
adulteration in fats , preparation of TAG with desired composition 
(structured l ip ids)" ' ""^ preparation of interesterified blends"'' and in 
lipid bioconversions^"*". 
Keeping in view the ease of reaction conditions of lipase 
catalyzed hydrolysis, easily available pig lipase and time saving 
procedure, we have taken four seed oils (details given ahead) for 
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pancreatic lipase hydrolysis using the procedure recommended by 
lUPAC^^'. 
Ipomea biloba or /. Pes-caprae (Item 1, Table L p.31) of 
Convulvulaceae family is a herb distributed throughout India. Sri 
Lanka and also in Burma. It is much abundant near sea. The leaves are 
externally applied in rheumatism and colic. Juice is given as diuretics 
in dropsy and at the same time bruised leaves are applied to dropsical 
parts. In Malagasy leaves are recommended for inflammation of 
prolapsus ani and whillow. Seeds are used for stomach-ache cramps. 
Seed extracts also show the presence of ergoline and clavine alkaloids. 
The herb contains a volatile oil. It is also used as an astringent and 
stomachic. Because of its availability and large number of medicinal 
uses^ "*^ Ipomea species are under investigation for the past many years. 
Sisymbrium irio (Item 2, Table 1) of Crucifereae or Brassicaceae 
family is widely distributed throughout the world. In India it is 
commonly known as khubkalan. Leaves are eaten either raw or cooked. 
They are rich in vitamin C (176mg/I00g), P-carpotene (10.000 
TU/lOOg) and minerals. Seeds are used as expectorants, febrifuge 
rubefacient and stimulant. They are also used in asthma and are 
employed in the preparation of stimulates poultices^''^ The seed oil of 
S. irio was very much loved by Roman and is still used today by 
beautiful women of Asia for improvement of complexion. It can be 
used with great benefits in skin care preparation. This 'semi-drying" 
seed oil is also used for making soaps. Literature survey also reveals 
that its seeds contain isorhamnetin^'*''. 
Argemone mexicana (Item 3, Table 1) of family Papevaraceae is 
commonly found as weed in many parts of the world. In English it is 
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known as mexicana whereas in Sanskrit it is known as satyanashi. It is 
bitter, acrid, cooling, vulnerary, diuretic, purgative, anti-inflammatory 
expectorant, aphrodisiac, emetic, depurative, anodyne, anthelmintic, 
antipyretic, ophthalmic, stomachic and sedative. The seeds^ "*^ are 
useful in vitiated conditions of Kapha, cough, asthma, pertussis, skin 
diseases, leprosy, ulcers, wounds, odontalgia, dental cares. 
constipation, rheumatalgia colic and flalutence. Seeds yield nauseous, 
bitter, non-edible cathartic oil used in cutaneous trouble. Mixed with 
drying oils such as linseed oil, it may be used in the paint industry and 
in soap making. Yellow juice, which exudes when the plant is injured, 
is used in scabies and in ophthalmic. 
Holarrhena antidysentrica (Item 4, Table 1) of family 
Apocynaceae is known as Telicherry bark in English and in Indian 
common language it is known as kadwa indrajau. Its bark is astringent, 
antipyretic, tonic, wormicidal and is used in amoebic-dysentry. 
diarrhea, skin disorders and in other problems^''^. It contains alkaloids 
canessive, a gum-resin and tannin. Alkaloids are considered as possible 
starting materials for industrial preparation of steroid hormones, 
including the adrenocorticol hormone aldosterone^'*^. Seeds are used 
for the same purpose as the bark and seed oil is used as anthelmintic. 
The oils from all the seed samples were isolated using Soxhlet 
apparatus and their analytical values are given in Table 1 (Item 1-4). 
Neutral TAG were then isolated from the seed oils using column 
chromatographic technique. The isolated TAG were transesterified for 
fatty acid methyl esters analysis. Table 2 summarizes the TAG 
composition based on lipolytic data, which includes the molar percent 
of different acids at 2-position along with enrichment factor. Table 3 
comprises of total TAG composition. 
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Ipomea species have been under investigation over the past 
years. Some of the Ipomea species show the presence of capryiic and 
capric acids^'*^ Fatty acid composition of some other species o[ Ipomea 
has also been reported earlier 
In the present study the neutral TAG of Item 1 (Table 2. p.32) 
was composed of oleic (16.63%), linoleic (33.83), linolenic (1.24%) 
and palmitoleic (1.24%) acids as unsaturated components. A greater 
percentage of palmitic acid (44.60%)) was present together with stearic 
acid (2.46%)). Major amount of combined content of oleic-linoleic 
acids (a50%)) of this oil placed it into the 'semi-drying' groups of oils. 
The lipolytic data of neutral TAG of /. biloba further confirms 
that the unsaturated acid dominates on saturated fatty acid with linoleic 
acid (36.63%)) as the major component at 2-position. The other fatty 
acids present at 2-position are 16:0, 35.59%); 18:1, 20.41% and 18:3, 
2.67%. Table 2 also depicts the composition at 1,3-position calculated 
from TAG and 2-MAG values. It was palmitic (49.11%)) acid, which 
dominates at 1,3-position followed by linoleic acid (32.43%). Another 
major component present at 1,3-position was oleic (14.74%) acid. 
Compositions of the other fatty acids present in TAG, 2-position and 
1,3-position are listed in Table 2. Molar percent (M) of linolenic acid 
at 2-position (71.77%) was greater as compared to other acids i.e. 16:0 
(26.59%), 16:1 (34.40%), 18:0 (46.48%), 18:1(40.91%) and 18:2 
(36.10%)). The enrichment factor (E, Table 2) shows that it was 
maximum for linolenic acid (E value 2.15). 
Table 3 (p.34) is further strengthening the calculated 
composition of saturated and unsaturated acylglycerols of /. biloba. It 
was monosaturated acylglycerols that were found in majority (45.72%). 
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The fatty acid profile of S. irio (Item 2, Table 2) revealed by 
GLC indicated that the oil had a requisite amount of unsaturated fatty 
acids (67.28%) with oleic (26.30%) acid as the major component. The 
other unsaturated acid present in greater percentage was linoleic acid 
(22.90%). Among the saturated acids palmitic acid dominates (26.50%) 
over other acids. The GLC data also showed the presence of C14 fatty 
acid (4.40%) in addition to fatty acids with higher number of carbon 
atoms i.e. C20 and C22 (10.49%) the other fatty acids present were 
16:1, 18:0 and 18:3 (compositions are given in Table 2). 
The positional distribution of fatty acids in triacylglycerols of 
Crucifereae seed fat was first investigated in 1961 by Mattson and 
Volpenhein"". They found that 16:0, 18:0 and all acids with chain 
lengths longer than 18 carbons (>Ci8) were esterified almost 
excessively at the a-position. The (i-position and the remaining 
a-positions were occupied by 18:1, 18:2 and 18:3 but no regular 
distribution patterns were noted for these acids. These results were 
later confirmed by other workers . A survey of lipolysis data on 
Crucifereae seed triacylglycerols indicate that the fats of similar >Ci8 
content have similar a, p-distribution for 18:1, regardless of the level 
of 18:1 present. Analogous relationships also exist for 18:2 and 18:3. 
The lipolytic data of S. irio (Table 2) clearly indicates that 
within the limits of experimental error palmitic (Ci6:o), oleic (C|8:i) and 
linolenic (Ci8:2) acids were preferentially acylated at 2-position of 
glycerols. Oleic, linoleic and linolenic acids were also present at Im-
position. Major component at 2- and 1,3-positions were oleic (40.48%) 
and linoleic (27.30%) acids respectively whereas oleic acid was only 
19.20% at 1,3-position. 22:1 was present in good amount at 2-position 
(4.50%) as compared to 1,3-position (3.50%). The molar percentage at 
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2-position of different acids is also summarized in Table 2. This 
clearly indicates that molar percent at 2-position was maximum for 
palmitoleic acid (74.77%). 18:1 was also showing a considerable molar 
percent at 2-position (51.40%). The other fatty acids compositions are 
given in Table 2. The enrichment factor E was within the reported 
range and Table 2 shows that it was maximum for palmitoleic acid 
(2.26). Table 3 indicates that monosaturated acylglycerols (GSU2) were 
found in majority (46.51%). 
Seed oil of ^. mexicana was shown to contain three long-chain 
oxo-acids which might arise from the saturated C18 and C20 acids in a 
chain extension reaction which maintain the keto group in the first 
extension cycle. 
The fatty acid composition of neutral TAG as by GLC analysis 
indicated that the oil was composed of stearic (4.03%), oleic (70.76%), 
linoleic (7.19%), linolenic (4.73%) acids and a notable amount of 
palmitic acid (13.28%). On the basis of this data it was concluded that 
this oil (Item 3) might serve as 'oleic-rich' oil. 
The GLC analysis of lipolytic product of .4. mexicana (Table 2) 
shows that it was oleic acid, which dominates at 2-position (70.85%) 
and 1,3-position (70.71%). Among saturated acids the major 
component was palmitic acid (15.52% at 2-MAG and 12.16% at 1,3-
position). The compositions of other acids present at 2-MAG and 1,3-
position are summarized in Table 2. Palmitic acid was showing 
maximum molar percent (38.96) at 2-position followed by oleic acid 
(33.38%). The molar percent at 2-position for other fatty acids are 
mentioned in the Table 2. E values of A. Mexicana for different acids 
(Table 2) show that it was 16:0, which had the highest enrichment 
factor value (E value 1.17). TAG composition of .4. mexicana (Table 3) 
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indicated and supported the above findings by showing that 
triunsaturated acylglycerols (GU3, 56.46 %) were the most abundant in 
the seed oil. 
GLC analysis of methyl ester of neutral TAG of H. 
antidysentrica showed a high percentage of oleic acids (84.07%) and 
place this oil in the category of 'oleic-rich' oil. Other than oleic acid, 
this oil was composed of palmitic (4.05%) and stearic (2.78%) acids as 
the saturated contents and linoleic (6.13%) and linolenic (2.95%) acids 
as the unsaturated fatty acids. 
Our GLC analysis of 2-MG of H. antidysentrica showed that at 
the 2-position oleic acid was present in a greater amount (86.13%) and 
it was preferentially acylated at all the three positions i.e. 1, 3- and 2-
positions. Composition of other components present at 2-MAG and at 
1,3-position were 16:0, 6.0% and 3.01%; 18:0, 1.43% and 3.46%; 18:2, 
4.44% and 6.96%; 18:3, 1.99% and 3.44% respectively. The molar 
percent of palmitic acid (49.38%) was found to be maximum at 
2-position. Oleic acid (34.15%) was also showing a good molar 
percent at this position. E factor was found to be maximum for palmitic 
acid (1.48). According to the data given in Table 2, the molar 
percentage of triunsaturated acylglycerols (GU3) was quite high 
(80.01%) with a very little amount of trisaturated acylglycerols (GS3. 
0.03%). 
According to the theory of Gunstone the 2-position of glycerol 
moiety is preferentially acylated to CI8 unsaturated acid and there is a 
preference for linoleic acid over oleic acid for 2-position. Our present 
findings though not completely but closely agree with this theory. 
Under the conditions of lipase digestion described, because of very 
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rapid hydrolysis and prompt handling of the products no appreciable 
acyl shifting took place in either mono- or diacylglycerols. From the 
present work it was inferred that the order of preference of major 
unsaturated acids for 2-position in A. mexicana (Item 2) and H. 
antidysentrica (Item 3) was C18:l > C18:2 > C18:3 whereas in S. irio 
(Item 2) it was C18:l > C18:3 > C18:2. In /. biloba (Item 1) it was 
linolenic acid which was preferentially acylated at 2-position and 
order of preference in this oil was C18:3 > C18:l > C18:2. 
The E. value of oleic acid usually varies from 1 to 3 in plant 
fats . In the present investigation the E values for all the seed oils 
(Item 1 to Item 4) were found to be within the reported range. 
In general the seed oils compositional data of all the four seeds 
will help us to determine what amounts and general classes of fatty 
acids are contained in them. Those with suitably high oil content and 
unique fatty acids composition are of potential practical interest and 
scheduled for more intensive chemical study. 
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2. Fatty Acids Composition of Minor Seed Oils 
On account of the continuing shortage of vegetable oils, 
particularly in the developing countries, better knowledge of wild flora 
can assist in providing solution to the search for alternative sources of 
seed oils. Domestic production through agriculture and well planned 
forestry of minor oilseed species appear to be the only long term 
solution to overcome the changes that will be required. Putting our 
efforts in the direction of our search for useful new seed oils, analysis 
has been performed on minor seed oils of six species of different 
botanical families. The main interest of this analysis was to compare 
the fatty acids composition of all the six seed oils. 
Chrozophora plicata (Item 1, Table 4) of family Euphorbiaceae 
is found to be acrid. Capsules yield a blue color and the seeds are used 
as cathartic. Gelonium multiflorum (Suregada multiflora. Item 2, Table 
4) of family Euphorbiaceae is distributed in Andaman islands in India. 
In Hindi and Bengali it is known as ban naringa. Wood of 
G. multiflorum has waxy odor, and is used for rafters and posts. Fruits 
are edible, bark is used as a pargative in hepatic complaints and also in 
gum troubles. Vitex negundo (Item 3, Table 4) of family Verbenaceae 
is commonly known as 'sambhalu' in Hindi and 'nirgundi' in Sanskrit. 
The whole plant is having medicinal importance, it is found that leaves 
of V. negundo are tonic and verbifuge. They are often smoked for the 
relief in catarrh and headache. Leaves and roots posses tranquilizing 
effect and form a constituent of 'vishgarbha thaila' an Ayurvedic 
preparation. Extract of leaves showed anti-cancer activity against 
Ehrlich ascites tumor cells. Seeds are edible and young shoots are 
employed for basketry. Parkinsonia aculeata (Item 5, Table 4) of 
family Leguminosae is commonly known as vilayati babul in India. Its 
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seeds are edible and contain glutelin and albumin as principal proteins. 
Bark yields a fibre suitable for mixing with paper pulps. Wood yields a 
good charcoal and is also used as fuel. Duranta plumierri (Item 6, 
Table 4) of family Verbenaceae is also known as 'Golden Dew Drop" 
in India. Its fruit contains an alkaloid analogous to narcotin. Macerated 
fruits yield a juice, which even in dilutions of 1:100 parts of water is 
lethal to mosquito larvae. Wood is suitable for turnery. 
Regarding the fatty acid analysis, all the seed oils were extracted 
using Soxhlet apparatus and were then transesterified for GLC 
analysis. All the analytical values and fatty acids compositions of the 
analyzed seed oils are summarized in Table 4. 
The presence of unusual characters like conjugated 
polyunsaturation and ^row^-unsaturation was ruled out with the help of 
UV analysis. Various TLC tests revealed the absence of oxygenated 
and/or other unusual functional groups. Esters of all the oils gave clear 
spots on Ag"^-TLC corresponding to the saturates, monoenes, dienes 
and trienes in all the samples, parallel to those from authentic linseed 
estess, resolved alongside. 
All the seed oils analyzed were composed of C16 and CI8 acids 
in varying proportions. In the palmitic-stearic rich oils the contents of 
total saturated acids vary in the range of « 39%. Oils of C. plicata, V. 
negundu and T. nerrifolia were found to contain appreciable amount of 
solid fats (40.63, 36.19 and 38.56% respectively). Among the saturated 
fatty acids palmitic acid was found as a major component in all the 
species except the oils of C. plicata and G. mutiflorum (9.40 and 
12.34% respectively). Stearic acid, which is usually found, as minor 
constituent in seed oils was appreciably present in all the seed oils. 
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All the seed oils analyzed were found to be good sources of C18 
unsaturated acids. The concentration of oleic acid in all the seed oils 
was good enough (17.17-51.42%) with sufficiently high amount in the 
seed oil of D. plumierri (51.42%). This seed oil can be categorized as 
'oleic- rich' seed oil and can be considered for its further study and 
evaluation as a source of 'oleic-rich' oils. 
Regarding the linoleic acid's concentration all the species 
examined were containing good amount of this acid ranging from 7.40 
to 40.32%, with the highest percentage in C. plicata (40.32%) and 
lowest in D. plumierri (7.40%). Only one species G. multiflorum was 
rich is linolenic acid (31.01%)). Others were showing very little 
percentage (1.4-7.11%)). C. plicata of Euphorbiaceae family was having a 
high combined content of stearic (30.64%)) and linoleic (40.32%) acids. 
This species can be classified as 'stearic-linoleic' rich seed oil. 
All the species analyzed were found to be rich in combined oleic 
and linoleic content with the highest percentage found in V. negundu 
(60.80%o) and in P. aculeata (60.20%)). All the seed oils except 
G. multiflorum were showing the presence of C20:o and C20:i, though in 
little percentage. T. nerrifolia and P. aculeata were also found to 
contain €22:1- P- aculeata was the only species which was found to 
contain palmitoleic (Cig-i, 1.84%) acid. 
Scanning of literature'^ reveals that in Euphorbiaceat family 
many species produce seed oils rich in linoleic (or linolenic) acids. 
Another noticeable feature of the Euphorbiaceae seed fats containing 
only linoleic (linolenic), oleic and saturated acids is that in several of 
these the amount of palmitic and/or stearic acid approaches or exceeds 
20-25%. 
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The fatty acids composition of the analyzed seed oils slightly 
vary from those of reported in the literature^'^. These discrepancies 
may be a reflection of the effect of the soil and climate. The oil 
samples from the same biological sources vary somewhat in 
composition, depending a little on variety and rather more on 
environmental factors. This may also be attributed to the storage of 
seeds at the supplier's end. 
The above discussion indicates a few 'oil-rich' species that could 
be good sources of oils similar to those from conventionally cultivated 
plants. The little-known species can provide excellent candidates for 
the production of desirable seed oils. Oilseeds that are promising from 
both chemical and agronomic view points should undergo 
developmental research to bring the wild or semi-wild plants to crop 
status on a sound economic basis. 
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Source of Material 
Dried samples of seeds were purchased from Pratap nursery. 
Dehradun (India). Analytical grade reagents and adsorbent (silica gel 
G) were used for thin layer chromatography (TLC). Column 
chromatography was carried out on silica or neutral alumina. UV 
spectra of the oils were recorded on DK-2 ultraviolet 
spectrophotometer. Distilled solvents were used throughout. Porcine 
pancreatic lipase was purchased from Sigma Chemicals Co. (St. Lovtis, 
MO). Centrifugation was carried out at 2000 rpm on R-23, Remi 
centrifuge. 
T/iin Layer Chromatography (TLC) 
Analytical TLC was performed on plates coated with 0.25mm or 
1mm thick layer of silica gel with 20% diethyl ether in n-hexane as 
developing solvent. The plates were rendered visual by spraying with 
20% aqueous solution of perchloric acid and heating in an oven 
(110°C) for 10 min. Picric acid"^ DNP'*^ (2,4-Dinitrophenyl 
Hydrazine), and Halphen's tests were then performed to test for any 
unusual moiety viz. epoxy, keto or cyclopropene moiety respectively. 
Reversed Phase-TLC 
Reversed phase-TLC of the esters was done on siliconized silica 
gel plates using acetonitrile/acetic acid/water (70:10:20, v/v) as 
developing solvent. Spraying of chromatoplates was done with chromic 
acid. 
Argentation-TLC (Ag^-TLC) 
Argentation (Ag"')-TLC was effected on silica gel plates 
impregnated with 12% silver nitrate (AgNOs). Solvent system. 
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petroleum ether/diethyl ether (92:8, v/v), was used for development. 
The spots were detected under UV light by spraying with 
2',7'-dichlorofluorescein or by spraying with sulphuric acid and 
subsequent charring. 
Lipid Extraction 
Cleaned and dried samples of seeds were ground in a 
disintegrator. The powdered seeds were extracted repeatedly with low 
boiling point petroleum ether (40°- 60°C) in a Soxhlet apparatus on 
water bath for 4 h. The petroleum ether extract of the seeds were 
filtered and dried over anhydrous sodium sulphate. The solvent was 
removed in vacuo to obtain the oil. The oils were neutralized by 
passing them (0.5g) in chloroform solution, through a short column of 
alumina (lOg). Oil characteristics, iodine value, saponification value 
and refractive index were determined according to the AOCS 
methods'**. 
Purification of Triacylglycerols by Column Chromatography 
The triacylglycerols (TAG) were purified from the total lipid by 
alumina column chromatography. The neutral alumina (30 g, 60-120 
mesh) column was packed in dry petroleum ether (40-60°C) and the 
total lipid (1 gm, in 5 ml petroleum ether) were added to the column. 
The column was washed with 200 ml of petroleum ether and diethyl 
ether (95:5, v/v) to afford TAG fraction. This fraction was 
concentrated in vacuo and the purity was further checked by TLC. The 
purified TAG showed only one spot indicating that this preparation 
contained no detectable lipid contaminants. 
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Deacylation of Trlacylglycerols by Pancreatic Lipase 
Lipase hydrolysis of the neutral TAG was essentially the same as 
that described by lUPAC^"". 
To the Lipid sample (100 mg in a screw-capped tube), tris-
hydroxymethylaminomethane buffer (3ml, 1 mol/L) at 8 pH and pig 
pancreatic lipase (20 mg) were added and shaken vigorously. Bile salt 
solution (0.5ml, igm/L) and calcium chloride solution (0.2ml, 2.2%, 
w/v) were further added and the reaction mixture was kept at 40 ± 
0.5°C for 3 min with continuous shaking. The content was cooled 
under running tap water and hydrochloric acid (1ml, 6 mol/L) was then 
added to terminate the reaction. Reaction mixture was immediately 
extracted with diethyl ether (3x10 ml). Combined ethereal solution was 
washed with water and dried over anhydrous sodium sulphate. The 
dried samples were immediately fractionated by boric acid-TLC. 
Isolation of 2-Monoacylglycerols (2-MAG) by Boric Acid TLC 
The boric acid-TLC plates were prepared as described earlier, 
except that the slurry of silica gel G was made with saturated solution 
of boric acid. 
The lipolytic products (dissolved in 1 ml of chloroform) were 
applied on preparative boric acid plates in streaks. The chromatoplates, 
were developed with a mixture of petroleum ether/diethyl ether/acetic 
acid (70:30:2, v/v). Bands were detected under UV light after spraying 
the chromatoplates with 2' , 7'-dichlorofluorescein, which is used as 
fluorescent indicator. The components separated into four defined 
zones in the following order of increasing height travelled: 
monoacylglycerols, diacylglycerols, free fatty acids and unreacted 
acylglycerols. The band corresponding to 2-monoacylglycerols 
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(identified using standard sample, run in the side of the plate) was 
scrapped off and extracted with dichloromethane. The dichloromethane 
extract was washed with water and dried over anhydrous sodium 
sulphate. 
Esterification of TAG and 2-MAG 
TAG and 2-MAG were treated separately with 0.5 N sodium 
methoxide. Resulting mixtures were diluted to the cloud point with 
water, chilled in ice bath, and then extracted repeatedly with ether. 
Combined extract was dried over anhydrous sodium sulphate and 
solvent was removed under pressure. 
Gas Liquid Chromatography (GLC) 
GLC was carried out by using a Varian Vista 6000 instrument 
equipped with FID (290°C) detector using a stainless steel column 
(2 M X 2 mm i.d.) packed with 15% of OV on chromosorb-W (80-100 
mesh). Separations were carried out at a programmed temperature of 
140°-200°C (100°C min~'). The peak areas were determined by 
Hawlett-Packard HP 3396 Series-II curve integrator, which was used to 
determine the composition of esters. The fatty acid esters were 
identified by comparing with those of standard mixed fatty acid methyl 
esters. TAG structures were also determined using pancreatic 
hydrolysis data and applying vander Wal^ '^* and Coleman^" method of 
calculation. 
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Although the study of natural products has always been a 
prominent part of organic chemistry, fatty acids have not been 
seriously considered in comparison with the more favored 
carbohydrates, isoprenoids and alkaloids to mention only a few. Now 
due to their wide applicability in different fields like chemical, 
pharmaceutical etc., they are receiving much attention. Interest in the 
field of fatty acid chemistry has been created by the attempts to study 
the reactivity of the polyfunctional fatty acids and to find clues for the 
biosynthesis of essential fatty acids. The chromatographic procedures 
of separation and spectral methods of structural determination have 
encouraged research in these aspects of fatty acids chemistry. 
Fatty acids possess a degree of polarity, ionic character and 
hydrogen bonding, not typical of fats. Manipulations of these arc found 
in the attraction of oils metal surfaces and their subsequent use as 
metal lubricants. Desired oils require a high concentration of one of 
the common or unknown acids having suitable structures. Examples of 
such structures include oxygenated acids (hydroxylatcd. ketonic or 
epoxidised), unusual unsaturation (conjugated, acetylenic or positional 
isomer), branched or cyclic acids and combination of these structures. 
A variety of new and useful products can be prepared by taking 
advantage of the inherently present functional groups in fatty acids. 
Fatty acids generally undergo all classical as well as non-
classical reactions of organic chemistry. Their reactions in general can 
be divided into two broad groups: (a) those involving the hydrocarbon 
chain and (b) the reactions of the carboxylic group. It is rightly pointed 
out that the different phases of development and progress of organic 
chemistry are better examplified by the general perfection achieved by 
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the chemistry of fatty acids. Recent trends in technology of fats and 
fatty acids have given importance to such industrial reactions as 
polymerization, oxidation and metathesis. Consequently, fatty acids 
have increasingly been found usable as specific and characteristic base 
material for the emerging organic chemical industry. For the chemical 
industry the use of natural products as raw materials open up a wide 
spectrum of synthetic methods and finished products, some of which 
are not accessible by petrochemical routes and are much cheaper also. 
New and interesting non-classical reactions of fatty acids have 
been described that provide new route to the synthesis of a variety of 
fatty acid derivatives. The realization of their importance in industries 
has resulted in the initiation of a thorough and systematic study of the 
chemical, physical and biochemical properties of fats and oils. The 
advances on the modification of fatty chemicals include the 
introduction of elements such as fluorine, iodine, phosphorus, sulphur, 
nitrogen, and boron to fatty acid molecules. These developments will 
probably extend the utility of fatty chemicals in new and unforeseen 
ways. A number of pharmaceutical activities such as anesthetic, 
narcotic, sedative, anti-convulsant, anti-inflammatory and anti-cancer 
effects have been found to be associated with long chain sulphur and 
nitrogen-containing heterocyclic compounds. Variety of oils and fats 
derivatives owe their industrial importance to the ability for 
modification in the surface behavior of bulk properties of the liquids in 
which they are dissolved. The derivatives are grouped under the broad 
designation of "Surface Active" agents or surfactants. A number of 
fatty acid derivatives containing sulphur, morpholine and piperidine 
moieties have been shown as fungistatic agent. A variety of fatty acids 
derived from minor seed oils, when derivatized suitably are diversely 
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used as lubricants, additives, greases, cosmetics, pharmaceuticals, 
insecticides, fungicides etc. 
Renewable raw materials, oils and fats, are likely to become 
more important again in the future as the choice of raw materials is 
now of great significance not only for economic reasons by infiuencing 
competitiveness, but also because this choice largely determines the 
properties of the derivatives produced and their ecological effects. The 
reasons for expecting the fatty acids as renewable sources will become 
more important in years to come. 
Oleochemicals by virtue of their economical and ecological 
advantages are now competing successfully with petrochemical long-
chain compounds. The biotechnology of fats and oils is both a 
challenge and opportunity for the production and transformations of 
oleochemicals. Oleochemistry has concentrated its efforts for decades 
on the ester function, the derivatization of which constitutes 90% of 
fatty chemistry. Interest turn on more towards the functionalization of 
groups present in long alkyl chain and hence multifunctionalities of 
fatty acids can be used advantageously to arrive at unique for improved 
physical and chemical properties through simple modification. It is 
after all, an advantage of natural products that their hydrocarbon chain 
possesses double bonds and other functionalities at defined locations. 
Thus fatty molecules offer special points for chemical attack. A variety 
of new industrially and biologically useful products can be prepared by 
taking advantage of the inherently present functional groups in fatty 
acids and the functionalization of the alkyl chain or derivatization of 
the chain functional groups could provide a host of new fatty 
chemicals. Some of them are good substitutes for petroleum products. 
This approach has created an active interest in the study of 
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derivatization of fatty acids. One of the most exciting properties of 
fatty acid derivatives is their insecticidal and anti-microbial activity. 
Basic research in oleo-chemistry is thus of paramount importance to 
cope with the ever-increasing demand of fat and their derivatives for 
possible industrial applications. 
The U.S. Department of Agriculture (USDA) has made 
substantial contributions to society through their basic studies on fatty 
acid's chemistry. Examples of their contribution includes studies on 
dimer acids and epoxidized vegetable oils, dibasic acids and emulsion 
paints technology - all of which have become commercially important. 
A scheme sponsored by Indian Council of Agricultural Research 
(ICAR)- USDA in our laboratory has revealed encouraging results 
during screening of native Indian herbaceous plants for use in 
developing new agricultural sources of vegetable oils. Literature of fats 
and fatty acids abound with data primarily on internal olefmic acids. 
Considering this limited sphere of investigations, a PL-480 project on 
the isolation of major fatty acids from indigenous seed oils and 
synthesis of fatty acid derivatives of industrial importance had been 
initiated in our laboratory. 
Prompted by the wide range of applicability of oils and fats and their 
analogues, this research in continuation of our previous work was aimed at 
synthesizing novel fatty acid derivatives viz. organoselenium derivatives of 
fatty alkenoates, fatty aziridine and chlorooxo derivatives of fatty esters 
(making the use of versatile reagents). Our emphasis has been more on the 
preparation of new fatty acid derivatives using both classical and non-
classical reactions and to study the correlation of structure and product 
composition in the preparation of these derivatives. 
y 
Phenylselenyl Chloride-A Versatile 
Reagent for the Preparation of 
Organoseleninm Derivatives 
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Organoselenium compounds are useful reagents on which 
extensive studies have been carried out'"^ Although the first synthetic 
organoselenium compound, diethylselenide, was prepared by Lowig in 
1836'*, the highly malodorous nature of selenium compounds, 
difficulties in purificafion, and the instability of many of the 
derivatives hampered the early developments. Organoselenium 
research intensified during 1970's, when the discovery of several 
useful new reactions and a variety of novel structures with unusual 
properties began to attract more general interest in the discipline. They 
are useful both in biochemistry and chemistry. Interest in the use of 
organoselenium compounds in biochemistry started with the findings 
that they are much less toxic, compared with inorganic selenium 
species'. Since then there has been a growing interest in the synthesis 
of organoselenium compounds with respect to their use in enzymology 
and bioorganic chemistry'. The utility and versatility of 
organoselenium compounds has become apparent. The design and 
synthesis of organoselenium compounds with biological activity 
currently constitutes engaging fundamental problems in applied 
chemistry in both pharmaceuticals and academic laboratories. Mugesh 
et al. have wonderfully reviewed the biological activities of organo-
selenium compounds. The application of organoselenium compounds in 
cancer prevention and treatment is a fascinating field for selenium 
research and their applicability in tumor control has also been 
demonstrated in the five membered ring systems. Literature shows that 
they are often used as antifungal, antibacterial'* and as antioxidant 
agents^. 
Other than biological acdvities organoselenium compounds are 
also showing synthetic utilities. Although many selenium containing 
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organic compounds have been known for long time, the use of 
selenium reagents or intermediates in modern organic synthesis 
practically began after the discovery (in the early 1970's) that 
selenoxides, derived by oxidation of compounds containing an 
areneselenyl group, eliminate to form olefins'"'". The past work 
demonstrated the synthetic utility of organoselenium compounds for 
the effective introduction of unsaturated functionalities ' . The syn-
elimination of selenoxide constitutes a mild procedure for the 
introduction of unsaturation''*. They are often used as the reagents and 
catalysts for oxidation of organic compounds'^. The application of 
chiral and achiral organoselenium compounds in organic synthesis has 
also been reviewed by several research groups'^"'^. 
Large number of uses of organoselenium compounds created 
great interest in researcher's groups to synthesize them. Scanning of 
literature shows that till date numerous organoselenium compounds 
have been synthesized^*'"^^ and studied for their activities. It has been 
observed that organoselenium compounds have been prepared from 
both aromatic and non-aromatic substrates and their synthetic reactions 
complete in many steps. 
Taurog and coworkers^" have synthesized organoselenium 
compound (3) by a direct condensation reaction of selenourea (1) with 
ethyl 3-ketohexanoate (2). 
Se 
H2N' ^NH^ 
(1) (2) 
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Wirth and coworker^' in an another method have successfully 
synthesized diselenide (5) by the chiral reduction of 2-bromoketone 
(4) and alkylation of the hydroxy group. 
CC° NaH, Mel ^OMe 
Br 
i) n-BuLi 
ii)Se 
iii) [O] 
^OMe 
• S e -Br 
(4) (5) 
Among many methods and reagents used for introducing 
selenium in the molecule, one versatile, mild and easy reagent is 
phenylselenyl halide, which is used in a variety of reactions'^^'^^^ 
Introduction of reagents like phenylselenyl halide to induce cyclization 
effectively and under extremely mild conditions opened up a variety of 
promising routes for the synthesis of heterocycles. 
Cooper et al. have reported the results obtained from the use of 
phenylselenyl chloride (PhSeCl) as the electrophilic species for the 
cyclization process to obtain (6) and (7). 
CO,Et 
^'^Ssis^NHCOzEt PhSeCI 
KjCOj/SiOj 
^ X ^ N 
CO,Et 
I 
SePh SePh 
(6) (7) 
The reaction of olefins^*' with phenylselenyl chloride in presence 
of nitrile, some organic acid such as trifluoromethanesulphonic or 
p-toluenesulphonic acid and water, leads to Ritter type of amide 
synthesis and affords p-amido-alkylphenylselenides in good yields. 
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Electrophilic nature of selenium reagents towards cabon-carbon 
double and triple bonds has been a subject of recent interest. 1 hese 
new methods took the advantage of high electrophilicity of PhSeCl and 
contributed much in the developments of synthetically useful chemistry 
of phenylseleno group and make it an attractive way of approaching 
complex, naturally occurring substances containing various 
functionalities e.g. prostacycles (PGX)^^ These reactions have also 
been utilized in the synthesis of natural products and related 
compounds"'''"'^. 
Organoselenium induced cyclization of olefinic alcohols has 
been extensively studied to produce cyclic e thers" . In an another 
method A^'-olefmic alcohols are reported to react with PhSeCl to 
produce tetrahydrofuran. It is known that ring closure of pent -4-enol 
with halogen also lead to tetrahydrofuran but cyclization with lead-
tetraacetate gives both five and six membered heterocycles^'^. 
Beside the above foresaid reactions PhSeCl is undergoing a large 
number of other reactions with olefins'*""''^. It gives efficient addition 
reactions with a variety of olefinic compounds such as cycloalkenes, 
styrene, terpinol, alkenyl tetrahydrofuran and hexene. 
In authors laboratory, Agarwal et al."^^ have used PhScCl for the 
organoselenium-mediated cyclization of hydroxyolefinic fatty esters (8). 
R-CH-CH2-CH=CH-R' 
OH (8) 
-SePh 
PhSeCl 
CH3CN 
+ R - C H - C H 2 - C H — C H - R ' + R - C H - C H 2 - C H — C H - R ' 
^ ^ ^' OH SePli/CI SePlVCl OH SePh/OH SePh/OM 
R = (CH2)5CH3 
R" = (CH2)7COOCH3 
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The addition of PhSeCl to double or triple bond is a potentially 
useful route for the synthesis of organometallic compounds but have 
received little attention by organic chemists. This was probably due to 
lack of data regarding the regiospecificity of addition as well as the 
thermal and solvolytic stabilities of the resulting adducts. 
The introduction of nitrogen functionality into olefins accomp-
anied by the addition of a phenylseleno group (aminoselenation of 
olefins) also provides a valuable method for synthetic strategies. 
Although there are several methods for the aminoselenation of short 
chain olefins but the procedure given by Toshimitsu et al.^^ is good 
enough due to its one step, mild reaction conditions and high yield of 
the desired product. 
In view of the versatile nature of PhSeCl, ease of reaction 
conditions and limited reports on the reactions of unsaturated fatty 
acids with phenylselenyl chloride^^''*^, we have studied the addition 
reactions of terminal and internal fatty alkenoates in different reaction 
conditions. 
Addition of Phenylselenyl Chloride to Methyl Undec-J 0-enoate (I) in 
Acetonitrile 
Methyl undec-10-enoate (I) when reacted with phenylselenyl 
chloride in presence of acetonitrile, few drops of water and p-TSA (as 
described in experimental section) afforded a crude yellow product. 
Fractionation of which over silica gel column gave a major product (X) 
melting at Sl^C. Formation of X is summarized in Scheme 1. 
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CH2=CH-(CH2)8-COOCH3 
(I) 
C6H5SeCl, CH3CN 
p-TSA, H2O 
CH2— CH-(CH2)8-COOCH3 
C^HjSe NHCOCH3 
(X) 
Scheme 1: Formation of Methyl U-Phenylseleno-lO-Acetamido-
undecanoate (X) 
Characterization of the Product (X) 
The compound X gave satisfactory microanalysis for 
C2oH3i03NSe. The IR displayed characteristic bands at 1685 cm"' and 
1575 cm"' for amide group in addition to the ester carbonyl band at 
1735 cm"'. The N-H stretching produces a band at 3300 cm '. 
Monosubstituted benzene was evident from a band at 1578 cm "'. Its ' H 
NMR spectrum provide further proof by showing signals at 5 7.6 
and 7.2 as multiplets for aromatic protons. Another multiple! appeared 
at 3.28 for one proton attached to carbon (CIO) a to nitrogen 
( -C^-N<) . One more muitiplet centered at 3.02 was clear in the 
' H NMR, which was for two protons at CI 1 (-C//2-Se-). ' H NMR also 
shows a singlet at 1.76 for three protons of acetamido group, which 
further confirms the formation of acetamide. In the light of the above 
data compound X was formulated as methyl 11-phenylseleno-
10-acetamidoundecanoate. 
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Mass spectrum of X (Scheme 2) strengthened the formulated 
structure by showing an intense peak at m/z IM due to the loss of 
CHiSeCeHs, which confirms the presence of phenylseleno group at the 
terminal position i.e. at C l l . Although M"^  {m/z 412) was absent^yet the 
peak at 242 fully supports the structure of X. Characteristic mass 
fragments arising from a-cleavage of acetamide group were at 242, 
171, 241. The two salient peaks were found at 157 and 353 emerging 
from phenylseleno moiety and a-cleavage of ester group respectively. 
In addition, significant peaks present were at 183(242-C02CH3, 
24I-NHCOCH3), 197(353-SeC6H5), 340(353-H), 256(M-SeC6H5). In 
the absence of accurate mass measurement, the fragmentation pattern 
was considered tentative. 
Regarding the mechanism of this reaction, it was considered that 
the reaction took place regioselectively resulting in the formation of 
Markovnikov's adduct. The addition of PhSeCl to I probably involves 
the formation of a seleniranium ion, which may then be attacked by 
acetonitrile and then by water molecule to give Markovnikov's adduct 
(X) as the major product. Acetonitrile attacked at the more 
electropositive but more hindered secondary carbon (Scheme 3). 
/?-Toluenesulphonic acid was supposed to facilitate the formation 
of seleniranium ion. The good yield of the product reveals the strong 
electrophilic nature of PhSeCl. 
( c^K No'. 7^-
CH2—CH 
I II 
CgHjSe ©NHCOCH3 
241 
H2C —C=CH2 
Y 
196 
A 
.^S 
^ (j :;iv : 
CH2—CH-(CH2)8 
CgHsSe NHCOCH3 
353 
CeHjSeH 
157 
H2C — CH-(CH2)8-COOCH3 
C.H 6"5 
354 
CH2 — CH-(CH2)8-COOCH3 
CgHsSe NHCOCH3 
M" 412 
H2C — CH-(CH2)8-COOCH3 
COCH3 
183 
256 
CH-(CH2)8]-COOCH3 '*• 
©NHCOCH3 
242 
•- CH2—CH-(CH2)7 
C^HsSe NHCOCH3 
339 
CeHsSeCHs 
171 
Scheme 2: Mass Fragmentation of Methyl 11-Phenylseleno-
10-Acetamidoundecanoate (X) 
H2C=CH-R 
(I) 
C^HsSeCl 
H2C CH-R 
Se-
6"5 
© 
N=C-CH3 
HjC-CH-R 
SeC^Hj 
R = (CH2)8COOCH3 
H,0 
G © 
N=C-CH3 
OH 
N=C-CH3 
H2C-CH-R 
SeC^Hj 
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A 
HjC-C^N 
O 
HN-C-CH3 
i^ H2C-CH-R 
SeCgHj 
(X) 
Scheme 3: Mechanism of Formation of Methyl 11-PhenyIseleno-
10-Acetamidoundecanoate (X) 
Addition of Phenylselenyl Chloride to Methyl Undec-10-enoate (I) in 
Absolute Ethanol 
A reaction of methyl undec-10-enoate (I) with phenylselenyl 
chloride in absolute ethanol at room temperature (Scheme 4) resulted 
in the formation of a light yellow colored product which was further 
purified on a column of silica gel to obtain a pure colorless liquid 
product (XI). 
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CH2=CH-(CH2)8-COOCH3 
(I) 
CfiHsSeCl, EtOH 
CH2 — CH-(CH2)8-COOC2H5 
CgHsSe OC2H5 
(XI) 
Scheme 4: Formation of Ethyl 11-Phenylseleno-lO-Ethoxyunde-
canoate (XI) 
Characterization of the Product (XI) 
Microanalysis of the product XI was in agreement with the formula 
C2iH3403Se. Its IR spectrum had a strong band at 1740 cm"' for ester 
carbonyl and at 1585, 1490, 1005, 735 cm"' for aromatic rings. ' H N M R 
of it displayed a diagnostic signal, a quartet, centered at 6 4.12 (J = 7.2 
Hz) for two protons of ethoxy group (OCOC//2CH3), which confirms that 
methyl group of ester side had been converted to ethyl group i.e. 
transesterification had occurred. Another multiplet was observed at 3.48 
for CIO methine proton and two protons of ethoxy group attached to it. 
Position of phenylseleno group at C l l was confirmed by multiplet 
centered at 3.03 for C l l methylene protons. These data formulated the 
structure of XI as ethyl 11-phenylseleno- 10- ethoxyundecanoate. 
Mass spectrum (Scheme 5) established the structure of XI by 
showing the molecular ion peak (M"^ ) at m/z 413 along with M+1 (414) 
and M-1 (412) peaks. The characteristic mass ions at 243 and 171 fully 
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HoC —C=CH2 
C6H5 
196 
a 
CH, —CH ' 
I II 
CgHjSe ©OCjHs 
228 
O® 
III 
CH, —CH-(CH2)8-C 
I I 
CgHjSe OC2H5 
-OC2H5 
H2C — CH-(CH2)8-COOC2H5 
C,H 2"5 257 
sHsSeHJ' 
157 
CH2— CH-(CH2)8-COOC2H5 
CgHjSe OC2H5 
M* 413 
OC2H 
H2C — CH-(CH2)8-COOC2H5 
o© 
H2C-CH2-(CH2)8-C 
CgHjSe 
324 
CH-(CH2)8-COOC2H5 
©OC2H5 
243 
CgHsSeCHj 
171 
(CH2)8COOC2H< 
185 
S c h e m e s : Mass Fragmentation of Ethyl 11-PhenyIseleno-
10-Ethoxyundecanoate (XI) 
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support the findings that phenylseleno and ethoxy groups were present 
at C l l and CIO respectively. An important fragment ion at 88 (due to 
Mc Lafferty rearrangement) also confirms the observation that 
transesterification had occurred during the course of the reaction, 
which otherwise would have occurred at 74. Other structure confirming 
peaks were present at 185(a-cleavage of ethoxy group attached to 
CIO), 368(M-OC2H5), 367(368-H), 340(368-CO), 323(368-OC2H5). 
257(M-C6H5Se), 228(M-(CH2)8COOC2H5), 244(243+H), 212(368-156). 
197(368-171), 196(197-H), 183(368-(CH2)8COOC2H5), 170 
(M-CHOC2H5(CH2)8COOC2H5), 171(170+H), 156(C6H5Se) and 
157(156+H). These peaks agreed with the structure assigned to XI. 
Addition of Phenylselenyl Chloride to Methyl Octadec-cis-9-enoate 
(II) in Absolute Ethanol. 
Like wise treatment of methyl octadec-c/5-9-enoate (II) with 
phenylselenyl chloride in absolute ethanol (Scheme 6) afforded a brown 
colored crude product, which on purification ever a column of silica gel 
gave an isomeric product (XII). 
CH3-(CH2)7-CH= CH-(CH2)7-COOCH3 
(II) 
CgHsSeCl, EtOH 
CH3-(CH2)7-CH— CH-(CH2)7-COOC2H5 
C^HsSe OC2H5 
and 
CH3-(CH2)7-CH— CH-(CH2)7-COOC2H5 
C2H5O SeCgHj 
(XII) 
Scheme 6: Formation of Ethyl 10(9)-Phenylseleno-9(10)-Etho-
xyoctadecanoate (XII) 
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Characterization of the Product (XII) 
Elemental analysis of XII corresponded to the formula 
C28H4803Se. The IR spectrum exhibited characteristic strong bands at 
1738 cm"' for ester carbonyl and at 1474, 1490, 1000, 743 cm ' for 
aromatic rings. ' H N M R spectrum displays two multiplets at 6 7.59 and 
7.36 for aromatic ring protons. A signal at 4.41 (merged with multiplet 
of C9 and CIO methine proton) was assigned for OC//2CH3. Another 
broad multiplet was recorded at 4.35 for two C9 and CIO methine 
protons. A clear quartet was observed at 4.12 for two methylene 
protons of terminal ethoxy group. Two triplets were found merged 
with chain CH2, centered at 1.20. one was for three protons of 
OCH2C//3 and another for three protons of CO2CH2C//3). These data 
suggest the product XII as ethyl 10(9)-phenylseleno-9(10)-ethoxyoc-
tadecanoate. 
The MS of XII (Scheme 7) corroborated the suggested structure 
for isomeric product by showing characteristic fragmentations. In its 
MS both M+1 {m/z 512) and M-1 {m/z 510) were present along with 
molecular ion (M"^ , m/z 511). The peaks at 229, 282 340. and 171 
confirm the presence of selenophenyl group and ethoxy group at 
C9(10) and CI0(9) respectively i.e. for the two isomers. a-Cleavage of 
ethoxy group gave peaks at 229 and 171, which confirm its position at 
C9(10) whereas a-cleavage of selenophenyl group at CI0(9) gave 
peaks at 282 and 340. The other peaks due to a-cleavage of the two 
functionalities i.e. phenylseleno and ethoxy appeared at 398. 113. 340 
and 171. MS of XII provide further proof to conclude that 
transesterification occurred during the reaction by showing peak at 466. 
This statement was further supported by the Mc Lafferty fragmentation ion 
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CH3-(CH2)7-HC— CH-(CH2)7-COOC2H5 
QHs 
466 
O® 
CH3-(CH2)7-CH— CH-(CH2)7 
C^HjSe OC2H5 
438 
CH3-(CH2)7-CH 
C^HsSe 
282 
CH3-(CH2)7-CH— CH-(CH2)7-C 
CgHgSe OC2H5 
466 
CH-(CH2)7-COOC2H5 
©OC2H5 
229 
CH3-(CH2)7-CH— CH-(CH2)7-COOC2H5 
CgHsSe OC2H5 
M^ 511 
and 
CH3-(CH2)7-CH— CH-(CH2)7-COOC2H5 
C2H5O SeCgHj 
CH3-(CH2)7-CH 
C2H5O© 
171 
CH3(CH2): 
113 
CH-(CH2)7-COOC2H5 
©SeC^Hj 
340 
- • CH—CH-(CH2)7-COOC2H5 
CH3-(CH2)7-CH 
C2H5O® 
CeHjSe OC2H5 
© 
398 
171 
Scheme 7: Mass Fragmentation of Ethyl 10(9)-Phenylse leno-
9(10)-Ethoxyoctadecanoate (XII) 
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at 88. Besides these the other peaks found were 466(M-OC2H5). 
438(M-HCOOC2H5), 421(438-OC2H5), 393(421-CO), 354(M-(CH2)6 
COOC2H5). The other structure confirming peaks and characteristic 
fatty acid peaks-are mentioned in the experimental section. 
Reaction of Phenylselenyl Chloride with Methyl Hexadecanoate (III) 
in Absolute Ethanol 
Since with previous two substrates (methyl undec-10-enoate, I and 
methyl octadec-c/5-9-enoate, II) transesterification had taken place 
i.e. methyl ester had been converted to ethyl ester, therefore to support 
this conversion a similar reaction of methyl hexadecanoate (III. a 
saturated substrate) with phenylselenyl chloride in absolute ethanol 
was conducted (Scheme 8). This afforded the product XIII as a 
colorless liquid in quantitative yield. 
H3C-CH2-(CH2)ii-CH2-CH2-COOCH3 
(III) 
C6H5SeCl, EtOH 
H3C - CH2 - (CH2) 11 - CH2 - CH2 - COOC2H5 
(XIII) 
Scheme 8: Formation of Ethyl Hexadecanoate (XIII) 
Characterization of the Product (XIII) 
Elemental analysis of the compound XIII corresponded to the 
formula C18H36O2. IR of this compound depicts a peak at 11-38 cm"' for 
ester carbonyl. ' H N M R of XIII exhibited a strong structure supporting 
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signal, a quartet centered at 5 4.11 (J = 6.0 Hz) for two methylene 
protons of ethoxy group, a distorted triplet was recorded at 2.28 for 
two protons a to carbonyl group. On the basis of above spectral data 
structure of XIII had been assigned as ethyl hexadecanoate. 
Here in all the three reactions of methyl monoenoates and methyl 
hexadecanoate, phenylselenyl chloride is probably acting as a catalyst 
for transesterification reaction. 
2 
Azividination ofFattyAlkenoates 
Using Chloramine-T as a 
Nitrogen Source 
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Aziridines (ethylenimine, azacyclopropane or dimethylenimine) 
are saturated three membered, heterocyclic, nitrogen containing 
compounds, which are analogous to epoxy compounds ' The 
aziridine ring framework can be frequently found in natural and 
synthetic compounds of biological importance'*^. They are known to be 
in use as important pharmaceuticals, veterinary medicines, 
agrichemicals, chemosterilents, anti-microbials, adrenoceptor blocking 
agents^^'^' etc. They are the versatile building blocks for the synthesis 
of many biologically interesting molecules such as amino acids^^, 
heterocycles^'', alkaloids , P-lactams , azinomycins , mitomycin and 
azacycles^^. 
Like epoxides, aziridines are useful synthetic intermediates and 
well known carbon electrophiles which are capable of undergoing 
stereospecific and regioselective nucleophilic ring opening reactions. 
It is an important transformation in organic synthesis and is usually 
carried out by means of Lewis acid^^. A large number of ring opening 
reactions of aziridines leading to important products have been 
reported in the literature ~ . v/c-Diamines are biologically, 
medicinally and synthetically important class of compounds in the field 
of anti-HIV drugs '^* and other pharmaceuticals^^ One of the 
straightforward synthetic procedures for the preparation of 
v/c-diamines is the ring-opening of aziridines with amines. Similarly 
in the formation of homocyclic and heterocyclic small ring systems, 
the aziridine ring has been widely exploited. 
Aziridines are ideal starting material for the synthesis of small 
ligands, which are used in a number of asymmetric transformations^^. 
In contrast to epoxides, aziridines can be readily metalated and reacted 
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with electrophiles^^ providing access to an even broader range of 
functionalized aziridines. Substituents on the three membered ring 
greatly modify its reactivity and to some extent they influence the 
course of the reactions. 
Interest in the biological activities of aziridines and their utility 
as a synthetic intermediate has resulted in various synthetic procedures 
for introducing a three membered nitrogen heterocycle into a 
hydrocarbon chain. First successful preparation of aziridines had been 
reported in Gabriel synthesis in which vinyl halides reacted with 
simple amines^^" which were further cyclized to give aziridines^*^"'. 
Aggarwal et al.^'^ have developed an easy method in which 
trimethylsilyldiazomethane (10) had been found to add directly to 
N-sulphonyl (tosyl and trimethylsilylethane sulphonyl) imines (9) to 
afford aziridine (11) in good yields and high cw-stereoselectivities. 
N 
R 
/ SiMe. 
N2 
(10) 
1,4-Dioxane 
40''C 
R 
N 
(11) 
SiMe3 
(9) 
R = Ts 
R, =/?-OMePh 
Aziridines from olefins were first prepared by Anderson et al.'^^^ 
via an amino nitrene intermediate generated by lead tetraacetate 
oxidation of various 1,1-disubstituted hydrazines. After that number of 
reactions were carried out to prepare aziridines from olefins. Although 
some nitrenes (R-N:) add to alkenes directly^', the reactions are 
accompanied by low yield and/or lack of stereospecificity. Many of the 
alkenes undergo aziridination in good yield by the oxidative addition 
88 
7 J 
of the N-aminoquinazolones in the presence of trifluoroacetic acid . 
Olefins^""^^ proved to be good starting material for the synthesis of 
aziridines. Many of the known procedures involve the use of 
catalyst^^~^'\ Catalytic enantioselective aziridination of alkenes and 
imines have been developed into useful synthetic tools but high 
enantiomeric excess only be obtained for a limited set of substrates. A 
variety of aziridines were synthesized from the corresponding amino 
alcohols^". Harada and Nakamura^' described the asymmetric synthesis 
of alkyl aziridine carboxylic acid from a,p-dibromopropionate and 
chiral benzylamines and the formation of optically active serine by the 
hydration of the aziridines. Synthetic and stereochemical studies of 
aziridine-2-carboxylic acids derived from short-chain a-bromo, 
a,p-unsaturated or a,P-dibromocarboxylic acid esters have also been 
reported '. 
The basic requirement for the aziridination of olefins is a 
nitrogen source. Among different sources, the most easily and 
commercially available nitrogen source is chloramine-T 
(N-chloro-N-sodio-/7-toluenesu-lphonamide). Literature report also 
shows the use of bromamine-T as a nitrogen source for the 
aziridination of olefins. 
Chloramine-T serves as an oxidizing agent as well as a source of 
nitronium cation and/or nitronium anion and is also used extensively in 
analytical chemistry . As a result, synthetic applications of 
chloramine-T have been developed by utilizing its reactivity towards a 
wide variety of functional groups. Known examples of synthetic 
applications of chloramine-T includes aminohydroxylation"' and 
ammochalcogenation of alkenes and allylic amination via selenium 
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diimide intermediate . Selenium diimide also reacts with dienes to 
give amine derivatives . This method has been wonderfully extended 
to practical asymmetric synthesis^^"^°. From the list of recent 
publications it has been found that scientists are commonly making the 
use of chloramine-T as a nitrogen source for aziridination 
process'^-^^'^'-^l 
Ando and coworkers''^'^^ are also busy in developing new 
methods for the aziridination of olefins using chloramine-T. They have 
demonstrated that easily available and inexpensive chloramine-T and 
its analogs can be used as nitrogen transfer reagents for the catalytic 
aziridination of alkenes (12) in presence of a metal catalyst . 
R, R. 
R-, R 
Chloramine-T 
> 
Metal catalyst 4 
R, 
^r 
Ts 
1 
N 
/ \ 
/ R 3 
R4 
(12) 
Ri and R4 = H 
R2 = C6H5 
R3 = CH3 
In an another method Kano and coworkers^^ have done organic 
solvent free aziridination of olefins (13) with chloramine-T under 
phase transfer catalysis conditions to obtain the aziridine (14). 
90 
Ri 
R. R. 
CK 0 
\ II 
N - S 
/ II Na O 
>—Me 
I2 (Catalyst), 
BTEAC (Catalyst), 
H2O 
(13) 
BTEAC = Benzyltriethylammonium chloride 
R, = R3 = H 
R2 = CgHs 
(14) 
Although several methods have been developed for the 
94 preparation of aziridines (ring opening of epoxides using metal azide , 
ring closure of amino alcohols^^, addition of haloesters enolates to 
imincs*^^, transition metal-catalyzed nitrene transfer to alkenes , 
carbene/carbenoid transfer to imines and several other methods 
discussed earlier), there are limited examples of synthesis of fatty 
aziridines. 
The first example of long-chain fatty acids derivative containing 
an internal aziridine (15) group had been reported by Gebelein et al. 
and Mc Ghie and coworker'^ . In agreement with literature reports, the 
INCO method is stereospecific, the c/^-olefins giving rise to 
c/5-aziridines and /rfl/75-olefins forming //-OA25-aziridines. 
H 
I 
N 
R-HC = CH-R' INCO R-HC—CH-R' 
I I 
OH 
RHC- -CHR' 
1 NHCO2CH3 
R = R' = C8H,7 (15) 
Foglia et al. have reported an alternate and more direct 
procedure for the preparation of fat-derived aziridines using 
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N, N-dichlorourethane (DCU). Addition of DCU to olefins result in 
the mixture of cis- and /ran^-aziridines in which latter isomer 
predominates. Previous studies'^^"'""* have been concerned mainly with 
the addition of this reagent to terminal and cyclic olefins while its 
reactions with internal olefins have been limited to highly substituted 
ethylenes and trans-3-hexQne. Fatty esters and amides of chromic 
acid, isocynates and isothiocynate afforded the aziridines'^^. 
The nitrosochlorination of unsaturated fatty acids (16) and other 
long-chain aliphatic olefins had been investigated. The conversion of 
fatty chloronitroso derivatives (17) to the valuable aziridines (18) from 
tetralkylethylene'"^ was successful but failed in the attempted 
application of those derived from mono-, di- and trialkylethylenes. 
R-HC = CH-R' ^Q^^> R-HC—CH-R' Reduction^ 
I I 
CI NO 
(16) (17) 
R-HC—CH-R' QH ^ R_Hc CH-R' 
I I 
CI NH2 
N 
I 
H 
(18) 
P-Bromo N-benzenesulfonamide adducts (19) of methyl alkenoates 
were also used for the synthesis of substituted aziridines (20). 
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NNDBS/NaHSO, „ „ ^ ^.r, r., R-HC = CH-R' ^ R - H C — C H - R ' 
C6H5SO2NH Br 
(19) 
NNDBS = N,N—Dibromobenzene Sulphonamide 
R = H, 
R-HC CH-R' 
N 
SO2C5H5 
R' = (CH2)8COOCH3 (20) 
Siddiqui et al.^^^ have prepared fatty N-aminoaziridines (22) by 
the addition of aminonitrene to various long-chain alkenoic esters (21). 
R-HC = CH-R' 
(21) 
PhthNH, 
LTA.CHjClj R-HC C H - R 
\ / 
N 
Phth 
Phth = 
(22) 
R = H, (CH2)7CH3 
R' = (CH2)8COOCH3, (CH2)7COOCH3 
Preparation of 2,3-aziridines of fatty acids have received limited 
study. Gabriel synthesis was successfully applied for the synthesis of 
fatty aziridines in our laboratory'^^. Afaque et a / . "° have utilized 
methyl 2,3-dibromohexadecanoate (23) for the preparation of cis- (25) 
and //-^JAJ^-aziridines (24). 
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\ 
H 
R-HC CH-COOCH3 
1 1 
Br Br 
/ 
H 
C C 
/ \ / \ . 
(23) 
N 
I 
R' 
(24) 
COOCH, 
R'NHj 
CH3OH 
25''C 
+ 
R 
\ / 
COOCH, 
C C 
n'\/\ 
N 
I 
R' 
(25) 
R-CH3(CH2),2 
R' — CH3, C2H5, C4H9, C5H5CH2 
I I N-Substituted aziridines (26) have been prepared via nitrene 
trapping by olefinic and hydroxyolefinic fatty esters. 
R-HC = CH-R' , Y-NH2 
LTA 
Y 
R = H, (CH2)7CH3 
R' = (CH2)8COOCH3, (CH2)7COOCH3 
R-HC CH-R' 
\ / 
N 
I 
Y 
(26) 
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As there is scanty information about fatty aziridines'' ', it was 
considered of interest to develop a route for the preparation of some 
N-substituted fatty aziridines using chloramine-T as nitrogen source. 
Reaction of Chloramine-T with Methyl Undec-l0-enoate (I) 
Methyl undec-10-enoate (I) was stirred with chloramine-T in 
acetonitrile with iodine in catalytic amount at room temperature (Scheme 
9). The reaction mixture before work up showed two spots for products on 
TLC plate along with a very faint spot (that of starting material). Final 
workup in dichloromethane yielded viscous yellow crude product. 
Chromatographic separation of the products over silica gel gave a major 
product, the aziridine (XIV) as oil and the liquid diiodo derivative (XV) as 
a minor product (details are given in the experimental section, p. 131). 
H 
H 
H2C=CH-(CH2)8-COOCH3 
(I) 
Chloramine-T 
I2, MeCN 
/C CH-(CH2)8-COOCH3 
N 
I 
o=s=o 
H2C CH-(CH2)8-COOCH3 
I I 
(XV) 
CH3 
(XIV) 
Scheme 9: Formation of N-(p-ToIuenesulphonyl)- 2-(9' - Carbo-
methoxyoctyl) Aziridine (XIV) 
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Characterization of the Major Product (XIV) 
Elemental analysis of XIV showed the presence of nitrogen and 
corresponded to the formula C19H29NO4S. The IR spectrum exhibited 
characteristic strong bands at 1323 (aziridine ring), 1163 (SO2) and 
1733 cm"' (ester carbonyl). The ' H N M R spectrum displayed two 
douplets at 5 7.82 and 7.33 (J = 8.1 Hz for each doublet) for the 
aromatic ring protons. A sharp singlet was observed at 3.67 for the 
three protons of ester group and a multiplet centered at 2.67 was 
observed for three protons of aziridine ring. Another singlet at 2.45 
showed the presence of a methyl group attached to aromatic ring i.e. 
p-toluene protons. Protons a to aziridine ring and p to carbonyl group 
showed a broad multiplet at 1.57. The other fatty acid signals are 
mentioned in the experimental section. These data suggested the 
product (XIV) as N-(p-toIuenesulphonyl)-2-(9'-carbomethoxyoctyi) 
aziridine. 
The MS of XIV (Scheme 10) corroborated the suggested 
structure by showing the structure supporting characteristic 
fragmentations. The compound is showing an intensed peak at m/z 368 
for M+1 ion and another peak was observed at 369 for M+2. The 
characteristic fragments emerging from a-cleavage at 197 and 172 
established the position of aziridine ring, p - and y - cleavages of the 
substituted aziridine ring gave diagnostic peaks at 210 and 224. The 
other structure justifying fragment ions observed were at 353 (M-14), 
336(M-OCH3), 308(M-COOCH3), 238(M-(CH2)5COOCH3), 212(M-155), 
197(196+H), 196(M-(CH2)8COOCH3), 184( 183+H), 15 5(M-212). 
183(M-CH(CH2)8COOCH3), 170(M-197) and 171(170+H). 
—I + 
H2C — CH-(CH2)8-COOCH3 
N 213 
I 
H 
H7C — CHT 
\ / 
N 
I 
Ts 
197 
© 96 
o=s=o 
D 155 
CH, 
H2C —CH-(CH2)3 
N 
I 
Ts 
238 
H2C CH-(CH2)8-COOCH3 
N 
I 
"^ ^ M"" 367 
(CH2)8COOCH3 
171 
0 
II 
H2C=N-S-
II 
O 
183 
) ) - C H 
-1 + 
3 
o© 
I I I 
HjC —CH-(CH2)8-C 
N 
I 
Ts 336 
HC-(CH2)8-COOCH3 
N 
I 
Ts 
IS 353 
O 
II 
Ts = S 
II 
O 
CH, 
Scheme 10: Mass Fragmentation of N-(p-ToluenesuIphonyI)-
2-(9'-Carbomethoxyoctyl) Aziridine (XIV) 
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Characterization of the Minor Product (XV) 
This compound had the composition Ci2H2202l2- Existence of IR 
band at 576 cm"' and positive Beiistein test indicated the presence of 
iodine. Presence of ester carbonyl was supported by a band at 1739 
cnfK Its ' H N M R spectrum exhibited a multiplet centered at 5 3.95 for 
one methine proton of CIO attached to iodo group. Another multiplet 
was observed at 3.50 for two methylene protons of C l l attached to the 
second iodo group. Two methylene protons a to iodo groups gave 
another multiplet centered at 2.05. Other characteristic peaks of fatty 
acids and chain CH2 are mentioned in the experimental section. These 
data formulated the structure of XV as methyl 10,11-diiodo-
undecanoate. 
Mass spectrum established the structure of XV by showing 
molecular ion peak at m/z 452 along with peaks at 453 for M+1 and at 
454 for M+2. An intensed peak was observed at 325 due to the 
formation of iodonium cation intermediate by the loss of second 
iodine. Another peaks at 281 confirms the position of iodine at CIO 
and C l l . The a-cleavage of iodo group gave rise to fragment ions at 
141, 311, 281, which further confirm the position of the two iodo 
groups. The other structure confirming peaks were 421(M-OCH3), 
393(M-COOCH3), 380(379+H), 379(M-CH2COOCH3), 295(M-
(CH2)7COOCH3), 296(295+H), 281(M-(CH2)8COOCH3) and 201(M-
ICH2CHI). 
Reaction of Chloramine-T with Methyl Octadec-cis~9-enoate (II) 
A similar reaction of chloramine-T with methyl octadec-cw-
9-enoate (II) yielded a crude product which showed three spots on 
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TLC, one major product and other two light spots. Column 
chromatographic resolution furnished colorless oil characterized as 
aziridine (XVI) and other two spots were of unreacted (II) and a minor 
product, diiodide (XVII). 
CH3-(CH2)7-HC=CH-(CH2)7-COOCH3 
(11) 
Chloramine-T 
I2, MeCN 
CH3-(CH2)7-HC CH-R 
N 
I 
o=s=o 
CH3 
(XVI) 
R = (CH2)7COOCH3 
CH3-(CH2)7-HC CH-R 
I 
(XVII) 
I 
Scheme 11: Formation of c«-N-(p-Toluenesulphonyl)-2- (8'-Carb-
omethoxyheptyl)-3-Octylaziridine(XVI) 
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Characterization of the Major Product (XVI) 
Microanalysis gave the composition C26H43NO4S for compound 
(XVI). Its IR spectrum displayed bands at 1326 (C-N), 1161 (SO2), 
1740 (COOCH3) cm"'. ' H N M R of XVI showed two doublets at 5 7.82 
and 7.32 (J = 8.4 Hz for each doublet) which indicates the presence of 
aromatic ring in the molecule. A significant ' H NMR absorption was 
observed at 2.77 as multiplet for two methine protons of aziridine ring. 
A broad multiplet at 1.57 appeared due to six protons, four a to 
aziridine ring and two P to ester carbonyl. On the basis of these data 
the compound XVI was assigned as c/5-N-(/?-toluenesulphonyl)-2-
(B'-carbomethoxyheptyl)- 3-octylaziridine. 
Mass spectrum of XVI (Scheme 12) was more informative to 
confirm the structure. An intense peak (base peak) was recorded at m/z 
466 for M+1 along with another peak at 467 for M+2. The diagnostic 
peaks appearing at 339 and 296 confirm the position of aziridine ring. 
The a-cleavages of the aziridine ring gave two important peaks at 353 
and 308. The presence of /?-toluenesulphonyl group in the molecule 
was confirmed by two strong peaks at 310 and 155. The other structure 
justifying fragments are 434(M-OCH3), 354(353+H), 340(339+H), 
311(310+H), 307(308-H), 252(311-COOCH3), I96(3Il-(CH2)4COOCH3), 
197(196+H), 182(31I-(CH2)5COOCH3), 181 (I82-H), 198(311-CH3(CH2)7). 
185(311 -CH3(CH2)7CH), 184( 185-H), 154(311 -(CH2)7COOCH3) and 
155(154+H). 
Characterization of Minor Product (XVII) 
The elemental composition C19H36O2I2 shows that XVII does not 
contain nitrogen. This compound gave positive Beilstein test, which 
CH3-(CH2)7-HC CH-(CH2)2 
N 
100 
H 
CH3-(CH2)7-HC=N-Ts 
295 
HC-(CH2)7-COOCH3 
N 
Ts 339 
182 
-*- HC-(CH2)7-COOCH3 
NH 
185 
CH3-(CH2)7-C=CH 
N 
307 Ts 
CH3-(CH2)7-HC CH-(CH2)7-COOCH3 
N 
Ts M^ 465 
H,C CH-R • 
353 
N 
I 
Ts 
HC = CH-R 
197 
N 
I 
Ts 
O® 
III 
CH3-(CH2)7-HC CH-(CH2)7-C 
N 
I 
Ts 434 
® 
o=s=o 
CH, 
CH3-(CH2)7-HC CH-(CH2)7-COOCH3 
N 
I 311 
H 
R = (CH2)7-COOCH3 Ts = 
O 
II 
s 
II 
o 
155 
CH, 
Scheme 12: Mass Fragmentation of c/5-N-(p-ToluenesuIphonyI) 
-2-(8'-CarbomethoxyheptyI)-3-Octylaziridine(XVII) 
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showed the presence of halogen (i.e. iodine). A band at 563 cm" in its 
IR spectrum further confirmed the presence of iodine. The ester 
carbonyl band appeared at 1740 cm"'. Further support of the structure 
of XVII came from its ' H N M R spectrum. The ' H N M R spectrum 
showed a multiplet centered at 6 4.3 for two methine protons of C9 and 
CIO attached to two iodo groups, another triplet was observed at 2.30 
for two protons a to carbonyl group. It also showed a multiplet 
centered at 1.83 for two protons a to iodo groups. The protons [5 to 
carbonyl group gave a broad multiplet at 1.62. Other characteristic 
peaks of fatty esters and chain are mentioned in the experimental 
section. These data help us to assign XVII as methyl 
9,10-diiodo-octadecanoate. 
The structure of XVII was further substantiated by its mass 
spectrum. It gave a molecular ion peak at m/z 550 and 551 for M+1. 
Formation of iodonium cation intermediate, formed by the loss of one 
iodine from the molecule, supported its structure by giving a peak at 
423 and further confirmed the presence of iodine. This peak also 
supported our findings that the product XVII contains two iodine atoms 
(i.e. diiodide) in it. The peaks due to a-cleavage of functional groups 
gave important structure justifying fragment ions at 297, 253, 393 and 
437. Peaks at 451 and 407 were observed due to the (3-cleavage of iodo 
group. Other structure confirming peaks present in the MS of XVll are 
519(M-OCH3), 491(M-COOCH3), 477(M-CH2COOCH3), 308(423-
(CH2)4COOCH3), 266(423- (CH2)7COOCH3), 157 and 113. 
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Reaction of CItloramine-T with Methyl 12-Hydroxyoctadec-cis-9-
enoate (IV). 
Methyl 12-hydroxyoctadec-c/5-9-enoate (IV) was allowed to 
react with chloramine-T in presence of catalytic amount of iodine in 
acetonitrile. The mixture was allowed to stirr till no further change 
appeared (as monitored by TLC). Examination of the final reaction 
product by TLC showed one spot of the crude product (XVlll, Scheme 
13), which was purified by column chromatography (yield and other 
details are given in the experimental section, p. 135). 
CH3-(CH2)5-CH-CH2-HC = CH-(CH2)7-COOCH3 
° " (IV) 
Chloramine-T 
I2, MeCN 
CH3-(CH2)5-CH-CH2-HC CH-(CH2)7-COOCH3 
OH \ / 
N 
I 
o=s=o 
CH3 
(XVIII) 
Scheme 13 : Formation of c/5-N-(p-ToluenesuiphonyI)-2- (8'-
CarbomethoxyheptyI)-3-[r-(2'-HydroxyoctyI)] 
Aziridine (XVIII) 
103 
Characterization of the Product (XVIII) 
Elemental analysis of XVIII corresponded to C26H43NO5S. IR 
spectrum showed a hydroxyl band at 3530 cm"'. Characteristic bands 
for aziridine and SO2 along with ester carbonyl group were observed at 
1160, 1322 and 1736 cm"' respectively. ' H N M R spectrum displayed 
two clearcut doublets at 5 7.82 and 7.32 (J = 8.2 Hz for each doublet) 
for the aromatic ring protons. Two distinct multiplets centered at 3.76 
and 2.95 were observed, one for proton attached to carbon containing 
hydroxy group (C//-OH) and another for D2O exchangeable proton of 
hydroxy group {-OH) respectively. Another multiplet at 2.73 was 
noticed for two methine protons of aziridine ring. These data 
characterized the product as c/5-N-(p-toluenesulphonyl)-2-
(8'-carbomethoxyheptyl) - 3 - [ r - (2'-hydroxyoctyl)] aziridine. 
Mass spectrum of XVIII (Scheme 14) was more informative to 
confirm the structure of the product by showing the peaks at m/z 482 
for M+1 and at 483 for M+2. Significant peaks at high mass range at 
450(M-OCH3), 326(M-S02ArCH3), 324(M-(CH2)7COOCH3), 338 
(M-(CH2)2CHOH(CH2)5CH3) were functionality revealing. The 
important fragments resulting from the p-cleavages were at 366 and 
338. The other prominent peaks were at 366(M-(CH2)4COOCH3), 311 
(M-CH(CH2)7COOCH3), 327(326+H), 309(327-H2O), 256(327-CH3 
(CH2)4), 257(256+H) and 212(327-CH3(CH2)4CH2CHOH, 327-(CH2)4 
COOCH3). 
The higher yield of this aziridine may be attributed to the 
increased stabilization of the intermediate iodonium cation by hydroxyl 
function. 
© 
o=s=o 
155 
CH, 
R-HC=N-Ts 
339 
104 
-^ R'-HC=N-Ts 
311 
R ' - C ^ C H 
\ / 
N 
Ts 323 
CH3-(CH2)5-CH-CH2-HC CH-(CH2)7-COOCH3 
OH \ / 
N 
Is M^ 481 
R ' - H C — CH-(CH2)7 
\ / 
N 
Ts 422 
R-HC CH-R 
N 
H 327 
O© 
III 
R'-HC CH-(CH2)7-C 
N 
Ts 450 
CH2-CH-CH2-HC CH-R 
ie \ / 
N 
256 H 
R = CH2-CH-(CH2)5-CH3 
OH 
R = (CH2)7-COOCH3 
Ts = 
O 
II 
s-
II 
o 
>—CH, 
Scheme 14: Mass Fragmentation of a5-N-(p-ToIuenesulphonyI)-
2-(8'-Carbomethoxyheptyl) -3-[l'-(2'-HydroxyoctyI)] 
Aziridine (XVIII) 
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Regarding the pathway for this reaction, we suggest a 
mechanism (Scheme 15) similar to that given by Ando and coworkers^^' 
for short chain alkenes. As soon as iodine is added to the reaction 
mixture, chloramine-T (TsNNaCl) immediately reacts with iodine to 
form iodine-chloramine-T complex (A). This complex then reacts with 
the double bond of the fatty alkenoates to give an iodonium cation 
intermediate (B). Then the nitrogen of chloramine-T attacks the 
intermediate (B) to form another intermediate (C) and finally 
cyclization of compound (C) leads to the aziridine and the regeneration 
of A. 
TsNNaCl + I2 
Fatty alkenoate 
(1,11,111) 
TsNNaCl 
Scheme 15: Mechanism of Formation of Aziridines 
Reaction of Chloramine-T witlt Methyl 9-Hydroxyoctadec-cis-
l2~enoate (V) 
Methyl 9-hydroxyoctadec-c/5-12-enoate (V) reacted with 
chloraminc-T in presence of iodine as a catalyst (Scheme 16), most 
quickly, to yield only a light yellow liquid product (as evidenced by 
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TLC). A greater Rf value of the product suggested the formation of a 
less polar compound of cyclic nature, which might possibly be the 
result of the neighboring group participation of the hydroxyl function. 
The crude liquid product was further purified by column 
chromatography using petroleum ether/diethyl ether as the eluting 
solvent to obtain the pure product (XIX). 
CH3-(CH2)4-HC=CH-(CH2)2-CH-(CH2)7-COOCH3 
OH 
(V) 
Chloramine-T 
I2, MeCN 
> < . 
R-HC CH-(CH2)2-CH-R' 
\ / 6n 
N 
o=s=o 
r\ 
R-CH-HC. ,CH-R' 
O I 
(XIX) 
CH3 
R = CH3-(CH2)4 
R' = (CH2)7COOCH3 
Scheme 16: Formation of Methyl 13-Iodo-9,12-Epoxyoctadeca-
noate (XIX) 
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Characterization of the Product (XIX) 
This compound (XIX) was analyzed for C19H35O3I. It gave 
positive Beilstein test indicating the presence of a halogen. The IR 
spectrum of XIX does not show the presence of hydroxyl band. A 
diagnostic band at 1169 cm"' for 1,4-epoxide ring was observed along 
with the absorptions at 1023,1091 and 935 for ether linkage. A weak 
band at 561 was assigned to C-I in addition to the ester carbonyl band 
at 1741 cm"'. Its ' H N M R spectrum exhibited a multiplet centered at 5 
4.09 for a methine proton of C13 carbon attached to iodo group. Two 
more multiplets centered at 3.88 and 3.75 were observed for the C9 and 
C12 methine protons of epoxide ring in the molecule. The four 
methylene protons of CIO and C l l of the epoxide ring gave a multiplet 
centered at 1.76. The other characteristic peaks for fatty acids are 
mentioned in the experimental section. The structure assigned to XIX 
from these spectral data was methyl 13-iodo-9,12-epoxyocta-
decanoate. 
Mass spectrum of XIX (Scheme 17) confirmed the cyclic 
structure of this compound. Molecular ion peak (M*) at m/z 438 was 
very small but an intense peak due to loss of iodine from molecular ion 
at 311 was confirming the presence of iodine in the molecule. Another 
important peaks at 439 and 440 were found for M+1 and M+2 
respectively. The characteristic fragments at 211, 281, 227 and 295 
confirmed the position of the constituent groups (i.e. iodo and 
1,4-epoxy). Other salient mass peaks were present at 310(M-H1), 
309(M-(CH2)5COOCH3), 293(3 II-H2O), 279(311-CH3OH), 209(227-H2O), 
195(227-CH30H), 177(195-H20), 157(M-281), 154(311-(CH2)7 COOCH3) 
and 149(177-CO). 
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HoC CH2 
/ \ 
CH3-(CH2)4-CH-HC^ ^ CH-(CH2)7-COOCH3 
311 
A 
O 
.CH-(CH2)7-COOCH3 
227 
(CH2)7-COOCH3 
157 
H2C CH2 
CH3-(CH2)4-CH-HC. CH-(CH2)7-COOCH3 
I O ^ 
M^ 438 
CH3-(CH2)4-CH-HC 
281 
CH3-(CH2)4-CH 
II 
I© 
211 
CH3-(CH2)4-CH-HC. Q ,CH 
i 6^ 
295 
TH2 
Scheme 17: Mass Fragmentation of Methyl 13-Iodo-9,12-Epoxyoctadeca-
noate (XIX) 
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It is generally observed that intramolecular reaction dominates 
on intermolecular reaction and in our findings also it was evident that 
intramolecular nucleoplilicity of y - hydroxyl group competes 
successfully, resulting in the formation of a cyclized product (XIX) 
through neighboring group participation. This observation was also in 
accordance with 'Rules for ring closure' by Baldwin 
Formation of this cyclic product (XIX) i.e. methyl 
13-iodo-9,12- epoxyoctadecanoate was further confirmed by treating 
this compound with m-CPAB which afforded the reported product 
(9,12-dioxoctadedecanoate). The product was checked with the 
authentic sample and was further confirmed by its m.p at 95°C (lit. 
report"^ m.p. 95-95.5°C). 
HjC CH2 
/ \ 
CH3-(CH2)4-CH-HC. .CH-(CH2)7-COOCH3 
i o^ 
(XIX) 
m-CPBA 
CH3-(CH2)5-C-CH2-CH2-C-(CH2)7-COOCH3 
O O 
This work was further continued, and the aim was to increase the 
yield of the desired product i.e. aziridine. To check this we initiated by 
altering the amount of iodine (which was acting as a catalyst in the 
aziridination process) and from this we found indifferent results which 
are summarized here. 
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Reaction of Chloramine-T with Methyl Undec-10-enoate (I) and 
Methyl Octadec-cis-9-enoate (II) with Iodine in Excess 
Same procedure (as described above) was adopted except that 
here iodine was taken in excess (equimolar to that of chloramine-T) 
and to our surprise it was found that though fatty aziridines were 
formed, but as minor products with diodides (XV and XVII) as major 
products. 
The products were purified by column chromatography and were 
further analyzed by IR, ' H N M R and MS. 
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Haloketones are highly reactive compounds, which are eminently 
suitable for the synthesis of a great variety of physiologically active 
derivatives^''*. From time to time the potential usefulness of 
haloketones as synthetic intermediates has been emphasized in the 
literature "^-'^^ 
In our laboratory, Khan et al.^^^ have synthesized sulphur 
derivatives containing both dithiolane (28) and thioether (29) moieties 
by the reaction of ethanedithiol with a-bromoketones (27). 
H2C C-(CH2)8-COOCH3 
I II 
Br O 
(27) 
HjC-SH 
H2C-SH 
BF3/ACOH 
H2C-^C-(CH2)8-COOCH3 
I 
H3C-C=0 
uy 
OH 
H2C C-(CH2)8-COOCH3 
Br 
: : 
H3C-C=0 
(28) (29) 
There are various methods for the synthesis of haloketones. 
Usually they are prepared by the halogenation of the parent carbonyl 
compounds'^^"'^^ Chlorination of ketones at a-position has classically 
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involved acid or light initiated addition of chlorine to ketone . These 
conditions can be somewhat limited in scope for several reasons, for 
instance these are also the conditions used to halogenate the olefins. 
Alternatively the reaction of ketones with copper (II) chloride has been 
widely used to prepare a-chloroketones . However perusal of 
literature reveals that haloketones are also prepared from parent 
substrate other than carbonyl compounds viz. olefins'^^, a-halohy-
drins '""'^^ epoxides"*''''^' and other substrates"*^"'^^ Conversion of 
olefins or epoxides to a-haloketones is also of importance in natural 
product synthesis'^". 
Brummond and Gesenberg reported a mild and inexpensive 
method for the preparation of a-chloroketone (31) involving the initial 
formation of kinetic enolate of a ketone (30) and the addition of 
/7-toluenesulphonyl chloride (TsCl) as positive chlorine source. 
O 
LDA 
TsCl 
O 
(30) (31) 
Although this method resulted in an excellent yield but the 
conditions described within do not appear to be amenable for the 
a-chlorination of esters, carboxylic acids and aldehydes. 
Among different substrates epoxides proved to be an important 
base for the preparation of a-haloketones and it has attracted 
considerable attention as the oxirane ring can be opened in almost all 
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conditions: electrophilic, nucleophilic, neutral, gas phase, therma! and 
free radical conditions. Scanning of literature reveals that epoxides can 
be converted to haloketones in one step'"" and an epoxy group, which 
in turn can have an alkene as its precursor, can precede 
reterosynthetically haloketone functionality. 
Another one pot method of synthesizing short-chain 
a-haloketones by Denis et al.^^^ also proved to be an effective and 
advantageous method over other conventional methods of synthesizing 
a-chloroketones (from epoxides making the use chlorotrimethyisilane, 
CTMS). They described CTMS as an efficient ring-opening reagent for 
oxiranes (32). 
Rauf e/ a/.'^' have successfully used CTMS as a reagent for the 
preparation of long-chain chlorohydrins (33) from epoxides (32) in 
quantitative yield. 
CTMS 
R-HC CH-R' *• R-HC CH-R 
Ether I I \ / 
O 
OH/Cl Cl/OH 
(32) (33) 
R = H, (CH2)7CH3 
R' = (CH2)8COOCH3, (CH2)7 COOCH3 
Halotrimethylsilane in general is a versatile synthetic reagent, which 
is widely used in different chemical transformations'^'"'^^. It is also used 
as a reagent for gas chromatographic analysis of fats and oils'^^. Olah and 
Narang'^ "* have wonderfully reviewed the uses of iodotrimethylsilane. 
Sakurai and coworkers'^^ have synthesized allylic alcohols (34) 
from oxiranes making the use of iodotrimethylsilane. 
R'R^CR^C CHR" + MejSil 
I 
H 
R' = CH. 
O 
R' = R' = R' = H 
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R'R^C R^C CHR 
I I I 
H I OSiMe, 
DBU 
R'R^C=CR^-CHR^ 
OH 
(34) 
1,3-P-Diketones are another important class of organic 
compounds, which is under investigation of many researchers. 
Naturally, they are found in sunflower pollens'^*. Literature reports 
that such compounds show biological activities and are used in cancer 
prevention'^^. Generally P-diketones are prepared from carbonyl 
compounds and more successfully they are prepared from 
a-chloroketones"^'"*. They are also prepared by some other 
procedures'^"''^'. 
Though there are various methods for the preparation of 
haloketones, very little work has been done on fatty substrates'^'". No 
method has been reported for the preparation of long-chain 
a-chloroketones from fatty alkenoates (via epoxide formation) using 
CTMS. 
Keeping in view the versatile nature of oxirane ring, use of 
CTMS as an epoxide ring opening reagent and lack of literature reports 
on the preparation of long-chain chloroketones using CTMS, we have 
prepared the a-chloroketones of fatty alkenoates. 
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Chlorokeionization of Methyl 10,11-Epoxyundecanoate (VI) with 
CTMS 
Methyl 10, 11-epoxyundecanoate (VI) with chlorotrimethy-
Isilane (CTMS) in presence of triethylamine (TEA) followed by Jone's 
oxidation afforded a crude product. Column chromatographic 
purification of this crude product gave white solid compound (XX, 
Scheme 18), that responded to Beilstein test and also showed positive 
result for 2,4-dinitrophenyl hydrazine (DNP) test and negative result 
for picric acid test on TLC plates. This lead to a conclusion that the 
starting epoxide had been converted to a new product containing a 
halogen and an oxo group. 
CH2=CH-(CH2)8-COOCH3 
(I) 
m-CPBA 
H2C CH-(CH2)8-COOCH3 
O (VI) 
1. CTMS, TEA, 55°C 
2. Jone's Reagent, 0°C 
H2C C-(CH2)8-COOCH3 
I II 
CI O 
(XX) 
Scheme 18: Formation of Methyl 11-Chloro-lO-Oxoundecanoate (XX) 
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Characterization of the Product (XX) 
The compound gave satisfactory microanalysis for C12H21O3CI. 
IR spectrum displayed characteristic bands at 1715 cm"' for keto group 
and 1735 cm"' for ester carbonyl (a part of absorption peaks merged 
together). A weak band at 714 cm"' indicated the presence of C-Cl 
bond, as evidenced by Beilstein test. Its ' H N M R spectrum exhibited 
two diagnostic signals, a singlet at 5 4.07, integrating for two protons 
of C l l and the other as triplet at 2.58 (J = 7.5 Hz) for C9 methylene 
protons. A broad multiplet was also observed at 1.60 for four protons 
(two p to carbonyl group i.e. C3 and two p to 0x0 group i.e. C8). '^C 
NMR spectral data also supported its structure showing the diagnostic 
signals at 5c 202.80 for carbonyl carbon, 174.30 for ester carbonyl 
carbon, and 51.40 for methyl carbon attached to the ester oxygen. A 
peak at 48.20 was observed for C l l . Other characteristic peaks of 
chain carbon are mentioned in the experimental section. In the light of 
the above data the compound XX was formulated as methyl 
11-chloro-lO-oxoundecanoate. 
MS of XX (Scheme 19) strengthened the formulated structure by 
showing peaks at m/z 249/251 for M+1 and 250/252 for M+2, in 
addition to molecular ion (M^) at 248/250. Another important peak at 
217/219 due to loss of OCH3 group from molecular ion provides an 
additional support for the presence of isotopic chlorine. Characteristic 
mass fragment arising from a-cleavage of 0x0 group, which also 
confirms the position of 0x0 group at CIO was observed at 199. p - and 
y-cleavages of 0x0 group gave significant peaks at 157 and 143 
respectively. In addition other salient ions were found at 
218/220(M-CH3OH), 189(217-CO), 200( 199+H), 171(199-CO), 
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H2C-(CH2)7-COOCH3 
171 
-co] 
H.C—C-(CH2)7-CH2 
^1 II 
CI O 
189/199 
1-CO 
C-(CH2)8-COOCH3 
©O 
199 
H.C—C-(CH2)8-C 
2 1 II V i m III 
CI O O® 
217/219 
H2C—C-(CH2)8-COOCH3 
CI O 
M* 248/250 
H2C — C-(CH2)8-COOCH3 
O 
© 
213 
-CO2CH3 
154 
© 
,0. 
H2C C-OH 
H2C—(CH2)6 
157 
-CHn 
© 
,0. 
H2C C-OH 
H2C—(CH2)5 
143 
Scheme 19: Mass Fragmentation of Methyl 11-Chloro- 10-Oxoundec-
anoate (XX) 
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167(199-CH30H), 154(213-COOCH3, 181-CO), 141(154-CH), 
139(167-CO), 136 (I54-H2O) and 125(157-CH30H). In the absence 
of accurate mass measurement the fragmentation pattern is considered 
tentative. 
Chloroketonization of Methyl cis-9,10-Epoxyoctadecanoate (VII) 
with CTMS. 
Treatment of methyl cis-9, 10-epoxyoctadecanoate (Vll) with 
CTMS in presence of TEA followed by Jone's oxidation yielded a 
liquid product (XXI, Scheme 20) which responded to Beilstein and 
DNP tests confirming the presence of halooxo functionalities. 
m-CPBA 
CH3-(CH2)7-HC = CH-(CH2)7-COOCH3 
(11) 
CH3-(CH2)7-HC CH-(CH2)7-COOCH3 
O (VII) 
l.CTMS,TEA, 55"C 
2. Jone's Reagent, 0"C 
CH3-(CH2)7-HC C-(CH2)7-COOCH3 
CI O 
and (XX )^ 
CH3-(CH2)7-C CH-(CH2)7-COOCH3 
II I 
O CI 
Scheme 20: Formation of Methyl 9(10)-Chloro-10(9)-Oxooctade-
canoate (XXI) 
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Characterization of the Product (XXI) 
The elemental analysis of the compound (XXI) corresponded to 
the formula C19H35O3CI. IR bands at 1730 and 1720 cm~' suggested the 
chlorooxo function in the molecule. Presence of C-Cl bond in the 
molecule was indicated by a band at 718 cm' ' . Its ' H N M R spectrum 
displayed two distinct peaks, a multiplet centered at 6 4.20 for C9 or 
CIO methine proton and a triplet at 2.63 (J = 7.5 Hz) for C8 or C l l 
methylene protons. Another broad multiplet was recorded at 1.66 for 
four methylene protons (3 to ester carbonyl and 0x0 groups. '^C NMR 
spectrum showed the diagnostic peaks for C=0 and COOCH3 at 5^  
203.20 and 173.72 respectively. The peak at 63.75 appears for CHCl. 
Another peak at 51.44 was recorded for OCH3. On the basis of these 
data the compound XXI was characterized as an isomeric mixture of 
methyl 9-chloro(oxo)-10-oxo(chloro) octadecanoate. 
MS of XXI (Scheme 21) supported its structure by showing 
molecular ion peak (M^) at m/z 346/348. Presence of chlorine was 
indicated by a peak at 347/349 for M+I. Further its presence was 
supported by the peak at 315/317, which emerges due to the loss of OCH3 
from the molecular ion. The a-cleavage of the functional groups gave the 
diagnostic peaks at 141, 185, 161/163 and 205/207, which indicate that 
XXI was an isomeric product. These peaks also supported the position of 
chloro and 0x0 groups at C 10(11) and CI 1(10) respectively. Mc-Lafferty 
rearrangement ions, supporting the isomeric 0x0 groups appeared at 199, 
169, 155 and 213. Peaks at 311 (M-Cl) and 279 (3II-CH3OH) revealed 
the functional groups as well as the carbon chain length of the compound. 
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C-(CH2)7-COOCH3 
111 
©o 
185 
CH3-(CH2)7-HC—C 
3 V i n I III 
CI O© 
189/191 
CH3-(CH2)7-HC 
©CI 
161/163 
CH3-(CH2)7-HC — C = CH-(CH2)6-C 
\ ^ O® 
279 
t - ' CH,OH 
CH3-(CH2)7-HC— C-(CH2)7-COOCH3 
O 
© 
311 
CH3-(CH2)7-HC— C-(CH2)7-C 
i \ in ^ II ^ ' 111 
CI O O© 
315 
CH3-(CH2)7-HC— C-(CH2)7-COOCH3 
CI O 
M* 346/348 
CH3-(CH2)7-C—CH-(CH2)7-COOCH3 
O CI 
CH3-(CH2)7-C 
i iJi III 
O© 
141 
CH3-(CH2)7-C-CH2 
O CI 
190/192 
CH3-(CH2)7-C—CH2 V 
© 
155 
HC-(CH2)7-COOCH3 
©CI 
205/207 
C—CH-(CH2)7-COOCH3 
© 0 CI 
233/235 
•*- (CH2)7-COOCH3 
157 
Scheme 21: Mass Fragmentation of Methyl 9 - C h l o r o ( O x o ) - 1 0 - O x o 
( C h l o r o ) o c t a d e c a n o a t e ( X X I ) 
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In addition to these diagnostic ions the other significant ions present were 
at 293(3 II-H2O), 279 (3II-CH3OH), 233/235 (a-cleavage of 0x0 or chloro 
group from ester side), 190/192, 189/191, 186(185+1), 181(199-H20), 
167(199-CH30H), 200(199+1), 139(174-C1), 136 (I54-H2O), 153(189-HC1, 
I85-CH3OH), 154(153+H)and 125(157-CH3OH). 
Preparation of a-haloketones from substrates such as olefins or 
epoxides are however generally carried out in two steps: first by 
converting starting material into its halohydrin, followed by the oxidation 
of the hydroxyl group. We consider that the present method might 
represent a useful alternative over the conventional methods for 
converting epoxides or their precursor olefins into a-haloketones. 
Regarding the mechanism, we suggest that the epoxide oxygen 
combines with the electrophilic atom of CTMS to give an intermediate 
[A], which undergoes ring opening by the chloride ion to give the second 
intermediate [B], which in turn upon treatment with Jone's reagent yields 
the a-chloroketone. The formation of a-chloroketone (XX) may be 
rationalized as under (Scheme 22). 
H2C CH-(CH2)8-COOCH3 
O 
CTMS 
TEA 
H. 
H 
C 
/(CH2)8-COOCH3 
o 
I 
SiMe3 
CI © 
[A] 
Hs 
CI' 
y (CH2)8-COOCH3 
iC CH 
^0SiMe3 
lO] H. 
CI 
/(CH2)8-COOCH3 
- 1 
o 
[B] [XX] 
Scheme 22: Mechanism of Formation of a-Chloroketone (XX) 
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It was observed that the ring opening of the epoxide had taken 
place in basic medium (TEA) and nucleophilic substitution takes place 
at the less hindered site. Here SiMcs was showing a proton-like 
behavior. 
Chloroketonization of Methyl 12-Hydroxy-cis-9,10-Epoxyoctadecanoate 
(VIII) with CTMS 
Reaction of methyl 12-hydroxy-c/5-9,10-epoxyoctadecanoate 
(VIII) with CTMS in presence of TEA followed by Jones's oxidation 
gave a crude product, which on purification over a column of silica 
afforded a pure liquid product (XXII, Scheme 23). This product (XXII) 
responded to Beilstein and DNP tests indicating the presence of 
haloketone functionalities. 
CH3-(CH2)5-HC-CH2-HC = CH-(CH2)7-COOCH3 "^"^P^ A 
OH 
(IV) 
CH3-(CH2)5-HC-CH2-HC CH-(CH2)7-COOCH3 
OH \ / 
0 (VIII) 
1. CTMS, TEA, 55°C 
2. Jone's Reagent, 0"C 
CH3-(CH2)5-C-CH2-HC C-(CH2)7-COOCH3 
O CI O 
(XXII) 
and 
CH3-(CH2)5-C-CH2-C CH-(CH2)7-COOCH3 
O O CI 
Scheme 23: Formation of Methyl 9(10)-Chloro-12, 10(9)-
Dioxooctadecanoate (XXII) 
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Characterization of the Product (XXII) 
The product XXII was analyzed for C19H33O4CI. Its IR spectrum 
exhibited a strong band at 1718 cm"' for keto group and at 1738 cm"' 
for ester carbonyl group. Another band appears at 721 cm"' indicating 
the carbon-chlorine linkage. ' H N M R of XXII displayed a multiplet at 
5 3.74 for C9 or CIO methine proton merged in part with ester protons. 
Two distinct triplets one at 2.45 (J = 7.5 Hz) for methy^lene protons a 
to >C=0 and another at 2.30 (J ^^ 7.5 Hz) for methylene protons a to 
ester carbonyl were observed. Another broad multiplet was recorded at 
1.55 for six methylene protons p to >C=0 and COOCH3. '^C NMR 
spectrum of XXII shows the peaks at 5c 202.40 and 203.80 for two keto 
groups (C12 and C9/10). The other peaks for ester carbonyl and OCH3 
were recorded at 174.98 and 51.43 respectively. The peak for CHCl 
was found at 5c 62.98. Other characteristic peaks for chain carbons 
were found within their normal range and are mentioned in the 
experimental section. These data lead to the formulation of XXII as an 
isomeric mixture of methyl 9(10)-chloro-10(9), 12-dioxooctadecanoate. 
MS fragmentation of XXII (Scheme 24) fully supported its 
structure for a diketone. Firstly a peak at m/z 361/363 for M+1 proved 
the presence of isotopic chlorine. Important mass fragments depicting 
the cleavage of the functional groups for both the isomers were found 
at 205/207, 155, 175/177 and 185. These peaks also supported the 
position of functional groups. A strong peak appeared at 295, which 
can be obtained from any of the isomer. The formation of diketone was 
supported by peaks at 127 and 113 (due to the cleavage of 0x0 group at 
CI2). Another important peak, which shows the presence of chlorine. 
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O© 
CH3-(CH2)5-C-(CH2)2-C-(CH2)7-C 
O O 
295 
CH3-(CH2)5-C-CH2-C = CH 
169 
H 
CH3-(CH2)5-C-CH2-C 
o o© 
155 
C-CH2-C — CH-(CH2)7-COOCH3 
© 0 O CI 
275/277 
HC-(CH2)7-COOCH3 
II 
©CI 
205/207 
CH3-(CH2)5-C-CH2-HC—C-(CH2)7-COOCH3 
O CI O 
M^ 360/362 
CH3-(CH2)5-C-CH2-C— CH- (CH2)7-COOCH3 
O O CI 
-CI 
-CH3OH 
293 -* 325 
CH3-(CH2)5-C—CH2-CH 
i 2/5 II 2 II 
O ©CI 
175/177 
CH3-(CH2)5-C=CH2 *• 
\ © / 
I 
128 H 
-CH3OH 
328 ^ ^ > 300 
C-(CH2)7-COOCH3 
III 
©O 
185 
•*- H C = C-(CH2)7-COOCH3 Y 
I 
H 199 
Scheme 24: Mass Fragmentation of Methyl 9(10)-ChIoro-10(9), 
12-Dioxooctadecanoate (XXII) 
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was observed at 203/205 due to the cleavage at C8 (for both the 
isomers). In addition to these diagnostic peaks the other structure 
confirming peaks were found at 325(M-C1), 328(M-CH30H), 
327(328-H), 307(325-H2O), 293(325-CH30H), 265(293-CO), 
199(M-161, M-163), 181(199-H20), 175/177(M-185), 140(175/177-
Cl)and 141(14D+H). 
In case of methyl 12-hydroxy-c/5-9,10-epoxyoctadecanoate 
(VIII), it was observed that mechanistically the reaction proceeds in 
the same way as in case of substrate VI and VII except that the 
hydroxy group present at C12 was also oxidized to oxo group during 
Jone's oxidation yielding a chlorodioxo derivative (XXII, Scheme 24). 

126 
The melting points were taken in capillary tubes in an 
electrically heated block and are uncorrected. Infrared (IR) spectra 
(expressed in cm"') were obtained with Shimadzu 8201 PC 
spectrophotometer usually as nujol mulls, neat, solution (CCI4) or thin 
films between KBr disks. Nuclear Magnetic Resonance i.e. 'H N M R 
and '•'C NMR spectra were recorded with Brucker DRX 300 
spectrometer with CDCI3 as the solvent and tetramethylsilane (TMS) as 
internal standard. All the fields are given in ppm down field from TMS 
(8 = 0.00 ppm). The abbreviations s, d, m, q, br and t denote singlet, 
doublet, multiplet, quartet broad and triplet respectively. FAB, mass 
spectrum (MS) was recorded on a Jeol SX 102/DA-6000 mass 
spectrometer/Dalai system using Argon/Xenon (6KV, 10mA) as the 
FAB gas. With a view to limit the size of the thesis various spectral 
data necessary for structure determination are only discussed. The data 
normally associated with fatty compounds have been deliberately 
omitted in the discussion section. Complete spectral data are given in 
the experimental section. The values given in mass fragmentation 
schemes are the m/z values. The values in the bracket (experimental 
section) show the percentage intensity of the peaks. All the MS 
fragmentation schemes are to be considered tentative in the absence of 
accurate mass measurement. 
Thin-layer chromatography (TLC) was carried out on 0.25 mm 
layers (20 cm x 5 cm plates) with silica gel G. Plates were usually 
developed with mixtures of petroleum ether, diethyl ether and acetic 
acid (80:20:1, v/v). TLC plates were sprayed with 20% aqueous 
solution of perchloric acid and charred at 110°C for 10 min. Column 
chromatography was carried out with silica gel (60 to 120 mesh) using 
25-30 g, per g of material to be separated. Elution was usually effected 
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with petroleum ether (b.p. 40-60°C) containing increasing proportions 
of diethyl ether. 
The starting materials used, were either of commercial grade 
[undec-10-enoic, octadec-c/5-9-enoic (oleic) and hexadecanoic 
(palmitic) acids] or isolated from natural sources [12-hydroxyoctadec 
-c/5-9-enoic (ricinoleic) and 9-hydroxyoctadec-c/5-12-enoic (isori-
cinoleic) acids] from Ricinus communis and Wrightia tinctoria 
seed oils respectively, following Gunstone's partition procedure 
Their methyl esters were prepared by the usual method (H^/CHsOH). 
General (GR) grade of solvents were employed for extraction purposes 
and when required solvents were dried and distilled before use. 
Addition of Phenylselenyl Chloride to Methyl Undec-IO-enoate (I) in 
Acetonitrile 
Methyl undec-10-enoate (I, 0.49g, 2.52 mmol) was intro-
duced into a stirred dark red solution of phenylselenyl chloride 
(0.48g, 2.52 mmol) in acetonitrile (15ml) until the color changes 
to pale yellow. The /jara-toluenesulphonic acid (p-TSA, 0.47g, 
2.52 mmol) and water (2-4 drops) were then added and the 
mixture was stirred at room temperature for 12 h. The completion 
of the reaction was monitored by TLC. The solvent was 
evaporated under reduced pressure. Water (20ml) was added for 
hydrolysis and then the reaction mixture was worked up using 
diethyl ether (3 x 20ml). The combined ethereal extract was 
washed with water several times and dried over anhydrous 
sodium sulphate. Solvent was evaporated and the crude orange 
colored product was obtained. Column chromatography of this 
crude product using petroleum ether/diethyl ether (90:10, v/v) 
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yielded the pure white solid product X which was further 
crystallized in cold petroleum ether (0.53g, 50.48%, m.p.51°C). 
Analysis (X): (Found: C, 58.90; H, 7.60; N, 3.20%; Calculated 
for CzoHsiOjNSe: C, 58.25; H, 7.52 and N, 3.40%). 
IR, cm"' : 3300 (NH stretching), 1735 (COOCH3), 1578 
(aromatic ring) and 1685 and 1575 (C=0 amide). 
' H N M R , 5 : 7.6 m (2H, CgHsSe), 7.2 m (3H, CfiHjSe), 5.2 brs (IH, 
>N/f), 3.70 s (3H, COOC//3), 3.28 m (1H, -C/ / -N<) , 
3.02 m (2H, -C/Zj-Se-), 2.48 m (4H, 
-N-CH-C/ /2-and -C//2-CO2CH3), 1.76 s (3H. 
-NHCOC//3) and 1.28 brs (chain -CH2-). 
MS, m/z (%): UU12 (absent), 353 (2), 340 (4), 339 (4.2), 
256(2.5), 241(2.1), 242(49), 197(3.5), 196 (2.8), 
183(30.4), 172(54), 171(29), 170(43.5), 157(85) 
and 156(48.4). 
Addition of Phenylselenyl Chloride to Methyl Undec—10-enoate (I) in 
Absolute Ethanol 
Methyl undec-10-enoate (I, 0.59g, 3 mmol) was dissolved 
in dry ethanol (15ml) in a round-bottomed flask. Phenylselenyl 
chloride (0.69g, 3.6 mmol) was added to it and the reaction 
mixture was stirred at room temperature for 12 h. At the end of 
the reaction the solvent was removed under pressure followed by 
the hydrolysis (by adding 20 ml of water). Further it was 
extracted with diethyl ether (3 x 20ml) and the ethereal extract 
was washed with water and dried over anhydrous sodium 
sulphate. The solvent was evaporated to obtain the crude mixture, 
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which was then subjected to column chromatography. Elution 
with a mixture of petroleum ether/ diethyl ether (90:10, v/v) gave 
a colorless liquid (XI, 0.62g, 50.40%). 
Analysis (XI): (Found: C, 61.08; H, 8.15%; Calculated for 
C2iH3403Se: C, 61.01; H, 8.28%). 
IR, cm"*: 1740 (COOCH3), 1585, 1490, 1005 and 735 (aromatic 
ring). 
*HNMR, 6: 7.51 m (2H,C6H5Se), 7.35 m (3H,C6H5Se), 4.12 q 
(2H, J = 7.2 Hz, 0=C-OC//2CH3), a multiplet centered 
at 3.48 (3H,-CH-OCH2-), 3.03 m (2H, -C/Z.-Se-), 
2.28 distorted t (2H,-C//2-C02C2H5), 1.58 m 
(4H,-C//2-CH2-CO and -OCH-C/ /2 - ) , 1.30 brs 
(lOH, chain -CH2-), 1.25 t (3H, J = 7.2 Hz. 
-CO2CH2C//3, merged in part with chain CH2) and 1.16 
t (3H, J = 7.2 Hz, -OCH2C//3). 
MS, m/z(%): M M 1 3 ( 4 7 . 3 ) , M+1 414(41), M-1 412(43.6), 368(26.4), 
367(13.7), 340(13.8), 323(6.4), 257(7.3), 243(100), 
244(14.5), 228(3.7), 212(8.2), 197(1.2), 183(2.8), 
171(2.5), 170(2.3), 157(2), 156(1.8) and 88(3.1). 
Addition of Phenylselenyl Chloride to Methyl Octadec- cis-9- enoate 
(U) in Absolute Ethanol 
A similar reaction of methyl octadec-c/s-9-enoate (11, 
0.89g, 3 mmol) with phenylselenyl chloride (0.69g, 3.6 mmol) in 
absolute ethanol (15ml) was conducted and the reaction mixture 
was stirred at room temperature for 18 h. At the end of the 
reaction the solvent was removed under pressure and reaction 
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mixture was worked up as in case of methyl undec-10-enoate (I). 
The crude mixture was chromatographed on a column of activated 
silica gel using petroleum ether/ diethyl ether (80:20, v/v) to 
obtain the pure colorless liquid (XII, 1.73 g, 52.1%). 
Analysis (XII): (Found: C, 65.02; H, 10.1%; Calculated for 
C28H4803Se: C, 65.75; H, 9.25%). 
IR, cm"^: 1738 (ester carbonyl), 1474, 1490, 1000, 743 
(aromatic ring). 
' H N M R , 8 : 7.59 m (2H, CeHsl 7.36 m (3H, CeHj), 4.41 m (2H, 
-OC/fjCHs), 4.35 brm (2H, -CH-CH-, C9 and CIO), 
4.12 q (2H, -CO2C//2CH3), 2.28 distorted t (2H, 
-CH2-CO), 1.60 m (2H, -C//2CH2-CO) 1.28 brs (24H, 
chain -CH2-), 1.20 two triplets (6H, -OCH2C//3 and 
-CO2CH2C//3, merged with chain CH2) and 0.88 
distorted t (3H, terminal -C//3). 
MS, m/z (%): M^ 511(49), M+1 512(42.3), M-1 510(40.8), 466(28.2), 
438(10.1), 421(6.5), 398(8.0), 393(14.2), 354(3.7), 
340(12.4), 282(7.2), 229(2.5), 172(3.4), 171(4.1), 
113(85) and 88(4.6). 
Reaction of Phenylselenyl Chloride with Methyl Hexadecanoate (III) 
in Absolute Ethanol 
To support the ethyl ester formation in the above reactions, a 
similar reaction of methyl hexadecanoate (III, 0.8 Ig, 3 mmol) with 
phenylselenyl chloride (0.69g, 3.6 mmol) in absolute ethanol was 
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conducted to obtain the product XIII as a colorless liquid in 
quantitative yield. 
Analysis (XIII): (Found: C, 76.95; H,12.98%; C,8H3602 requires: C. 
76.05; H, 12.68%). 
IR, cm"': 1738 (ester carbonyl) along with other fatty acid ester 
absorption bands. 
' H NMR, 5: 4.11 q (2H, J = 6.0 Hz, -CO2C//2CH3), 2.28 distorted t (2H, 
-CH2-CO), 1.59 m (2H, -C//2CH2CO), 1.27 brs (24H, chain 
-CH2-), 1.23 t (3H, OCH2C//3 merged in part with chain 
CH2), 0.88 distorted t (3H, terminal -C//3). 
Reaction of Chloramine-T with Methyl Undec-10-enoate (I) 
Reaction of long-chain methyl alkenoates with chloramine-T 
was done by the following procedure of Ando et af^. 
Methyl undec-10-enoate (I, 0.34g, 2 mmol) in acetonitrile (5ml) 
was added in a solution of iodine (0.025g, 0.1 mmol), chloramine-T 
(0.28g, 1 mmol) and naphthalene (0.013g, 0.1 mmol) in acetonitrile 
(10ml). The reaction mixture was allowed to stir at room temperature 
for 30 h and TLC monitored the progress of the reaction. At the 
completion of the reaction dichloromethane (10 ml) and water (20 ml) 
were added and the phases were separated and the aqueous phase was 
extracted with dichloromethane (3 x 20 ml). The combined organic 
extract was washed with water (3 x 20 ml) and brine (20 ml), dried 
over anhydrous sodium sulphate and concentrated to give the crude 
product, a mixture of three components (as observed by TLC). One 
faint spot was that of unreacted fatty alkenoate (I) and the other two 
were the products XIV and XV. Purification of crude product by 
column chromatography using petroleum ether with increasing amount 
of diethyl ether gave three products i.e. 95:5 for unreacted substrate 
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(I), 80:10 for the diiodide (XV) and 88:12 for the desired aziridine 
(XIV). The unreacted part was compared with the pure substrate I on 
TLC and the other two pure products i.e. liquid XIV (0.52g, 70%) and 
liquid XV (0.18g, 20%) were analyzed. 
Analysis (XIV): (Found: C, 63.85; H, 8.21; N, 4.09%; C,9H29N04S 
requires: C, 62.12; H, 7.90; N, 3.81%). 
IR, cm"': 1323 (C-N), 1163 (SO2), and 1733 (COOCH3). 
' H N M R , 5: 
MS, m/z (%): 
Analysis (XV): 
IR, cm"': 
' H NMR, 8: 
7.82 d (2H, J = 8.1 Hz, aromatic ring protons), 7.33 
(2H, J = 8.1 Hz, aromatic ring protons), 3.67 s (3H, 
COOC//3), 2.67 m (3H, aziridine ring protons), 2.45 
s (3H, ArC/Zs), 2.30 t (2H, J - 6.0 Hz, -CH2 a to 
carbonyl group) 1.57 brm (protons P to carbonyl 
group and a to aziridine ring), 1.25 brs (chain 
-C/ /2 - ) . 
M^ 367(2), M+1 368(100), M+2 369(23), 353(4.2). 
336(92), 308(4), 238(6.3), 224(18.8), 212(16.6). 
210(6), 197(8.3), 196(4), 184(37.5), 183(4.2), 
172(14.6), 171(6.3) and 155(25). 
(Found: C, 32.05; H, 5.98%; Calculated for 
C,,H2202l2: C, 31.85; H, 4.87%). 
1739 (COOCH3), 576 (C-I). 
3.95 m (IH, methine proton of CIO attached to iodo 
group), 3.50 m (2H, methylene protons of C l l 
attached to iodo function), 3.66 s (3H, COOC//3), 
2.30 t (2H, J = 6.0 Hz, -CH2 a to carbonyl group). 
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2.05 m (2H, -CH2 a to iodo group), 1.65 brm (2H, 
-CH2 P to carbonyl group), 1.3 brs (chain -CHj-). 
Reaction of Chloramine-T with Methyl Octadec-cis-9-enoate (II) 
In a similar way as described for compound I, methyl 
octadec-c/5-9-enoate (II, 0.59g, 2 mmol) in acetonitrile (5ml) was 
added to a solution of iodine (0.025g, 0.1 mmol), chloramine-T (0.28g, 
1 mmol) and naphthalene (0.013g, 0.1 mmol) in acetonitrile (10 ml). 
The reaction mixture was stirred at room temperature for 35 h. After 
the completion of the reaction it was extracted with dichloromethane 
(3 X 20ml). The combined dichloromethane extract was washed with 
water for several times and then with brine (20ml), dried over 
anhydrous sodium sulphate and concentrated under reduced pressure to 
obtain the crude product. This again was a mixture of three 
components. Column chromatography of this mixture with different 
ratios (v/v) of petroleum ether/diethyl ether separates out all the three 
components (92:8 for the unreacted substrate II, 85:15 for the diiodide 
XVII and 82:18 for the aziridine XVI). The two components i.e. the 
liquid aziridine (XVI, 0.59g, 64%) and liquid diiodide (XVII, 0.26g, 
24%) were further analyzed. 
Analysis (XVI): (Found: C, 68.95; H, 10.56; N, 3.75%; Calculated 
for C26H43NO4S: C, 67.09; H, 9.24; N, 3.01%). 
IR, cm"': 1326(C-N), 1161(802), 1740(COOCH3). 
' H N M R , 6: 7.82 d (2H, J = 8.4 Hz, aromatic ring protons), 7.32 
d (2H, J = 8.4 Hz, aromatic ring protons), 3.67 s 
(3H, COOCH3), 2.77 m (2H, aziridine ring protons, 
C9 and CIO methine protons), 2.44 s (3H, ArC/Zj), 
2.30 m (2H, -C//2 a to carbonyl group), 1.57 brm 
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(6H, 2 X -C//2 a to aziridine ring and -C//2 P to 
esters carbonyl), 1.24 brs (chain -CH2-), 0.88 
distorted t (3H, terminal -C//3). 
MS, m/z (%): M^ 465(2.2), M+1 466(100), M+2 467(31.3), 
434(23), 353(8.3), 352(12.1), 340(12.5), 339(3.9), 
311(14.6), 310(48), 308(25), 296(9.8), 252(4.2), 
198(8.3), 197(6.3), 196(6), 185(6.2), 184(10.4), 
182(4), 155(81.2) and 154(25.7). 
Analysis (XVII): (Found: C, 42.82; H, 7.01%; CgHjeOzIi requires: C, 
41.45; H, 6.54%). 
IR, cm"': 563 (C-I), 1740(COOCH3). 
' H N M R , 5: 4.3 m (2H, CIO and C l l methine protons attached 
to two iodo groups), 3.66 s (3H, COOC//3), 2.30 t 
(2H, J = 6.2 Hz, -CH2 a to carbonyl group), 1.83 m 
(-CH2 a to iodo groups), 1.62 brm (-C//2 (5 to 
carbonyl group), 1.3 brs (chain -C//2-) and 0.88 
distorted t (terminal -CH^). 
Reaction of Chloramine-T with Methyl 12-Jffydroxyoctadec-cis-9-
enoate (IV) 
Methyl 12-hydroxyoctadec-cw-9-enoate (IV, 0.62g, 2 mmol) in 
acetonitrile (5ml) was added to a mixture of iodine (0.025g, 0.1 mmoi), 
chloramine-T (0.28g, 1 mmol) and naphthalene (0.013g, 0.1 mmol) in 
acetonitrile (10 ml). The reaction mixture was stirred at room 
temperature for 28 h. Worked up as described earlier for I and 11 in 
dichloromethane, dried and concentrated to obtain the crude product, 
which was further purified by column chromatography with petroleum 
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ether/diethyl ether (75:25, v/v) as the eluting solvent to obtain pure 
colorless liquid aziridine (XVIII, 0.79g, 81%). 
Analysis (XVIII): (Found: C, 65.12; H, 9.05; N, 3.49%; C26H43NO5S 
requires: C, 64.86; H, 8.94; N, 2.91%). 
IR, cm"': 3530 (OH), 1160 (C-N), 1322 (SO2) and 1736 
(COOCH3). 
*H NMR, 5: 7.82 d (2H, J = 8.2 Hz, aromatic ring protons), 7.32 
d (2H, J = 8.2 Hz, aromatic ring protons), 3.76 m 
(IH, C12 methine proton attached to hydroxy! 
group), 3.67 s (3H, COOC//3), 2.95 m (IH, proton 
of hydroxyl group, CROH, D2O exchangeable), 2.73 
m (2H, aziridine ring protons i.e. C9 and CIO), 2.43 
s (3H, ArCi/3), 1.55 brm (-C//2 « to aziridine ring 
and p to carbonyl group), 1.26 brs (chain -C//2-) 
and 0.88 distorted t (3H, terminal -CH^). 
MS, m/z(%): M^ 481(2.2), M+1 482(31.2), M+2 483(14.5), 
450(14.6), 391(8.3), 366(6.3), 3.43(2.1), 338(18.8), 
327(12.5), 326(4.0), 324(4.2), 311(10.4), 309(14.0), 
307(6.0), 257(8.0), 256(4.2), 212(22.9), 198(16.6), 
197(19.0), 185(17.0), 184(10.0), 171(16.8), 
170(10.2), 157(23.0) and 155(29.1). 
Reaction of Chloramine-T with Methyl 9-Hydroxyoctadec-
cis-12-enoate (V) 
Methyl 9-hydroxyoctadec-c/5-12-enoate (V, 0.62g, 2mmol) in 
acetonitrile was added to a stirred mixture of chloramine-T (0.28g, 
1 mmol), iodine (0.025g, 0.1 mmol) and naphthalene (0.013g, 
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0.1 mmol) in acetonitrile (10 ml) and stirred further for 26 h at room 
temperature, then worked up in dichloromethane as described earlier, 
concentrated and purified by column chromatography using petroleum 
ether/ diethyl ether (90:10, v/v) as the eluting solvent to obtain XIX 
(0.69g, 75%) as a colorless liquid. 
Analysis (XIX): (Found: C, 53.98; H, 8.26%; CigU^sO^l requires: C, 
52.05; H, 7.99%). 
IR, cm"': 1741(COOCH3), 1169(l,4-epoxide), 1023, 1091, 
and 935 (ether linkage) and 561(C-I). 
' H N M R , 6: 4.09 m (IH, methine proton of C13 attached to iodo 
group), 3.88 m (IH, methine proton of C12 of epoxy 
ring), 3.75 m (IH, methine proton of C9 of epoxy 
ring), 3.66 s (3H, COOC//3), 2.30 t (2H, J = 7.5 Hz, 
-CH2 a to carbonyl group), 2.09 m (2H, -CH2 a to 
iodo group), 1.76 m (4H, four methylene protons of 
CIO and C l l of the epoxy ring), 1.57 m (-C//2 a to 
epoxy ring and P to carbonyl group), 1.30 brs (chain 
-CH2-) and 0.89 distorted t (3H, terminal -C//3). 
MS, w/z (%) : M^ 438(11), M+1 439(77.1), M+2 440(16.6), 
311(100), 310(16.4), 309(2.1), 295(4.2), 293(81.2), 
281(10.4), 279(52.0), 227(18.7), 211(9.8), 209(8.3), 
195(16), 177(6.2), 154(14.6) and 149(27.0). 
Preparation and Isolation of Epoxy Ester 
Methyl undec-10-enoate (I), methyl octadec-c/5-9-enoate (II) 
and methyl 12-hydroxyoctadec-cw-9-enoate (IV) (10 mmol each) 
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were treated separately with m-CPBA (15 mmol) in chloroform (20ml) 
at 5°C and kept at room temperature for 6 h. The solvent was removed 
under reduced pressure, agitated with sodium bisulphite (10%, 30 ml) 
and extracted with diethyl ether (3 x 20ml). Ethereal extracts were 
combined, washed with sodium bicarbonate (20%, 30ml), and water 
and then dried over anhydrous sodium sulphate to yield the epoxides 
VI, VII and VIII. All the epoxides responded positively to the picric 
acid test'^^ and identified by comparing with authentic samples on the 
TLC plates. 
Chloroketonization of Methyl 10,11-Epoxyundecanoate (VI) with 
CTMS 
To a solution of chlorotrimethylsilane (CTMS, 0.46g, 6 mmol) 
and triethylamine (TEA, 0.66g, 6.6 mmol) in dichloromethane (10 ml) 
at 20°C was added methyl 10, 11-epoxyundecanoate (VI, 0.86g, 
4 mmol) in dichloromethane (5 ml). The reaction mixture was refluxed 
at 55°C for 3 h, then cooled down to 0°C in an ice bath. To this ice-
cooled reaction mixture the freshly prepared Jone's reagent [CrOs (1.6 
g, 16 mmol), H2S04(98%) (1.4 ml) in water (4.5 ml)] was added and 
the reaction mixture was further stirred for 2 h at this temperature. 
After quenching with water the reaction mixture was extracted with 
dichloromethane (2 x 30ml). Organic extract was dried over anhydrous 
sodium sulphate and the solvent was evaporated under reduced 
pressure to obtain the crude product. TLC monitoring showed one 
major component with very little impurity of the unreacted substrate 
VI. This was then purified on silica column using petroleum 
ether/diethyl ether (90:10, v/v) as the eluting solvent. Further this was 
crystallized in cooled petroleum ether to yield XX (0.920g, 73.6%), 
white crystalline solid, mp. 42°C. 
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Analysis (XX): (Found: C, 59.06; H, 9.46%; C12H21O3CI requires: 
C, 58.06; H, 8.46%). 
IR, c m ' : 
' H N M R , 8: 
*^ C NMR, 5c 
MS, m/z (%): 
1735 (COOCH3), 1715 (]C=0) and 714 (C-Cl). 
4.07 s (2H, C l l methylene protons), 3.68 s (3H, 
COOC//3), 2.58 t (2H, J = 7.5 Hz, C9 methylene 
protons), 2.30 t (2H, J = 7.5 Hz, -CHj a to 
COOCH3) 1.60 brm (4H, C3 and C8 methylene 
protons) and 1.30 brs (8H, chain -CHj-). 
202.80, 174.30, 51.40, 48.20, 29.00, 28.98, 24.82 
and 23.51. 
M^ 248/250, M+2 252(2.0), M+1 251(11.6), 
250(10.4), 249(29.2), 248(30.2), 220(2.1), 218 
(10.2), 217(64-6) 200(4.2), 199(8.3), 191(6), 
189(4.3), 181(12.5), 171(6.2), 167(12.2), 154(100), 
143(4.0), 141(8.0), 139(18.8), 136(95.9) and 
125(4.3). 
Chlorokeionization of Methyl 9,10-Epoxyoctadecanoate (VII) with 
CTMS 
A similar reaction of methyl 9,10-epoxyoctadecanoate (Vll) 
(1.26g, 4mmol) in dichloromethane (5ml) was added to a solution of 
CTMS (0.46g, 6mmol) and TEA (0.66g, 6.6mmol) in dichloromethane 
(10ml). This mixture was refluxed at 55°C for 4 h and then cooled 
down. Further Jone's reagent was added to the reaction mixture at 0"C 
and then after a stirring of 3V2 h at this temperature it was worked up 
with dichloromethane and dried over sodium sulphate. The crude 
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product was chromatographed over a column of silica using petroleum 
ether/diethyl ether (90:10, v/v) as the solvent to obtain the pure product 
XXI, a colorless liquid (0.96g, 69%). 
Analysis (XXI); (Found: C, 66.86; H, 11.06%; CIQHJSOJCI requires: 
C, 65.90; H, 10.11%). 
IR, cm"^ 
' H N M R , 8: 
'^C NMR, 6c 
MS, m/z (%): 
1730 (COOCH3), 1720 C(C=0) and 718 (C-Cl). 
4.20 m (C9 or CIO methine protons), 3.67 s (3H 
COOC//3), 2.63 t (J = 7.5 Hz, C8 or CI 1 methylene 
protons), 2.30 t (J = 7.5 Hz, -CH2 a to COOCH3), 
1.66 brm (methylene protons p to COOCH3 and 
]C-0 ) and 0.88 distorted t (3H, terminal -C//3). 
203.20, 173.72, 63.75, 51.44, 38.58, 38.45, 34.01, 
31.78, 29.29, 29.09, 28.25, 26.04 25.97, 24.83, 
23.65, 23.53, 22.62 and 14.06. 
M^ 346/348, M+2 350(4.0), 349(25.0), 348(16.7), 
347(2.9), 346(16.0), 317(31.3), 315(100), 311(14.6), 
293(2.0), 279(14.0), 235(2.1), 230(2.0), 213(5.2). 
200(1.8), 199(4.4), 192(2.1), 191(4.7), 190(3.2), 
181(0.4), 169(6.2), 167(8.3), 163(3.7), 155(10.5), 
154(16.7), 153(13.0), 141(41.6), 139(4.4), 136(18.8) 
and 125(18.0). 
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Chloroketonization of 12-Hydroxy-cis-9,10-Epoxyoctadecanoate 
(VIII) with CTMS 
Following the same procedure as used for the above two 
substrates, methyl 12-hydroxy-c/5-9,10-epoxyoctadecanoate (VIII. 
1.31g, 4 mmol) was introduced into the solution of CTMS (0.46g, 6 
mmol) and TEA (0.66g, 6.6 mmol) in dichloromethane (10ml). After 
refluxing for AVi h at 55"C, the reaction mixture was cooled down to 
0°C and then after the addition of Jone's reagent it was further stirred 
for 4 h (at the same temperature). Then worked up in dichloromethane 
as described earlier to obtain the crude product. Column 
chromatographic purification using petroleum ether/diethyl ether 
(80:20, v/v) as the solvent afforded a colorless liquid XXII (0.96g, 
67%). 
Analysis (XXII): (Found: C, 64.29; H, 10.13%; Calculated for 
C,9H3304C1: C, 63.33; H, 9.16%). 
IR, cm': 1738 (COOCH3), 1718 ( ;c=0) and 721 (C-Cl). 
'H N M R , 5: 
'^ C NMR, 5e 
3.74 m (C9 or CIO methine proton, merged in part 
with ester protons), 3.67 s (3H, COOC//3), 2.67 (2H, 
C l l methylene protons), 2.45 t (2H, J = 7.5 Hz, 
-CH2 a to ]C=0 ), 2.30 t (2H, J = 7.5 Hz, -CH2 a 
to COOCH3) 1.27 brs (chain -C//2-) and 0.88 
distorted t (3H, terminal -C//3). 
202.40, 203.80, 174.98, 62.98, 51.43, 42.78, 39.72, 
39.68, 34.03, 31.55, 29.03, 28.96, 28.73, 25.23. 
24.85, 23.80, 23.70, 22.45 and 14.00. 
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MS, /« /z (%) : M^ 360/362, 363(12.5), 362(6.3), 361(35.3), 
328(10.4), 327(50.0), 325(16.6), 307(10.5), 
301(4.6), 300(3.9), 295(100), 293(14.6), 265(4.2), 
207(8.3), 205(6.3), 203(24.7), 199(8.0), 185(29.2), 
181(12.5), 177(10.3), 175(7.9), 171(13.0). 
169(20.9), 141(2.5), 155(8.3), 154(29), 140(6.0), 
141(10.4), 139(22.0), 136 (30.0), 127(16.7), 
113(29.8) and 111(14.0). 
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